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A b s t r a c t
Sharp-tailed grouse (Tympanuchus phasianellus) are relatively abundant across the 
Peace River region. Local biologists and landowners suggest, however, that populations 
have been steadily declining over the past several decades, and little is known regarding the 
current population status and habitat requirements of the species. Success during the 
reproductive season is often the most important factor limiting population growth of sharp­
tailed grouse. To effectively manage populations and the habitats required by sharp-tailed 
grouse, it is important that baseline data describing patterns of reproductive success and 
habitat selection are collected. Using 15-g radio collars to monitor female sharp-tailed 
grouse during 2 consecutive breeding seasons, I quantified the success of first and renest 
attempts, the survival of offspring to 35 days of age, and I determined patterns of habitat 
selection during the nesting and brood-rearing periods. Nesting success in 2004 and 2005 
was 41% and 50%, respectively, and was positively influenced by habitat conditions at the 
nest site including increased shrub and living cover. Seventy-five percent of females 
successfully reared a minimum of 1 chick to 35 days of age. Only 35% of chicks, however, 
survived the same period. Survival of offspring was positively related to pre-hatching and 
negatively related to post-hatching weather conditions as well as the distance travelled by a 
brood during the first week after hatching. Breeding sharp-tailed grouse selected habitats in 
a hierarchical fashion, selecting habitats at the landscape, patch, and site scales. At the 
landscape scale, breeding females selected areas with non-forest cover-types between 550- 
650 m in elevation. At the scale of the nest site, females selected sites with greater overhead 
cover, shrub and grass cover, taller vegetation, and sites with more residual vegetation than 
random. During the early part of the brood-rearing period (offspring 0-14 days of age),
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
females with broods selected for agricultural habitats rather than natural habitats. This trend 
was not observed, however, during the late brood-rearing period (15-49 days of age). In 
general, habitat selection choices made by breeding sharp-tailed grouse corresponded with 
increased fitness in the form of greater reproductive success.
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Background
Sharp-tailed grouse (Tympanuchus phasianellus) are a medium-sized grouse that are 
similar in appearance to prairie chickens (Tympanuchus cupido), but are distinguished by v- 
shaped markings on their underparts, compared to the transverse barring patterns of the 
prairie chicken (Connelly et al. 1998). They are a lekking species that utilize open, elevated 
areas for breeding displays during early mornings between April to mid-May. Sharp-tailed 
grouse occupy a variety of habitats across North America including steppe, grassland, and 
mixed-shrub habitats (Connelly et al. 1998). Historically, sharp-tailed grouse were found 
from Alaska to the southern United States (Aldrich 1963). Because of changes to their 
habitats, however, current populations of sharp-tailed grouse are now more localized and 
occupy smaller ranges than in the past (Connelly et al. 1998).
In British Columbia there currently exists 3 subspecies of sharp-tailed grouse 
(Connelly et al. 1998, Leupin 2003). The Columbian subspecies (T. p. columbianus) is 
found in the south-central interior of the province and is provincially Blue-listed as an at-risk 
species. The Alaskan (T. p. caurus) and the plains (T. p. jamesi) subspecies are found across 
the northern part of the province. The current range, distribution, and population status of 
the northern subspecies, however, is relatively unknown (Ritcey 1995, Connelly et al. 1998).
Populations of sharp-tailed grouse have been declining on local, regional, and 
provincial levels in British Columbia for several years (Leupin 2003). In the Peace River 
region of northeastern British Columbia, where local biologists and landowners suggest that 
populations have been steadily declining over the past several decades (R. Backmeyer, Fort 
St. John, personal communication), relatively little is known regarding current population
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subspecies is only found in the Peace River region. Further, the subspecies has unique 
habitat requirements and faces different environmental and anthropogenic pressures 
compared to the Columbian subspecies found in the southern interior of the Province 
(Connelly et al. 1998, Leupin 2003). Historically, populations of sharp-tailed grouse have 
not been well inventoried in the Peace River region and information regarding the status of 
populations is largely anecdotal (Harper 1988). Anecdotal information from regional 
biologists and landowners as well as hunter sample data, however, suggests a steady decline 
in the numbers of sharp-tailed grouse between 1978 and 1985, followed by an apparent 
recovery of populations starting in 1986 (Harper 1988). In the past, populations of sharp­
tailed grouse have been negatively impacted by the conversion of native lands to cultivated 
agricultural crops as well as the increasing encroachment of aspen (Populus tremuloides) 
forests into habitats used during the spring display period (Harper 1988).
The Peace River region has a wide variety of habitats including aspen and spruce 
(Picea glauca) dominated forests, muskeg bogs, and non-forested grasslands. Historically, 
the region experienced frequent fire disturbance, which created a range of structural stages 
and, therefore, diverse habitats for wildlife (Meidinger and Pojar 1991). Specific to the study 
area, agricultural activities have dominated the range of habitats available to wildlife since 
the 1950’s (F. Mertens, Cecil Lake, personal communication; V. Miller, Cecil Lake, personal 
communication). Fire suppression in these areas, however, has resulted in increased aspen 
forest encroachment, and a reduction in the extent of natural grasslands and shrub-steppe 
habitats. In addition to fire suppression, anthropogenic pressures, such as the expansion of 
industrial activities including oil and gas extraction, timber harvesting, and hydroelectric
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continuity of habitats across the region (Harper 1988).
Factors Limiting Reproductive Success of Grouse
Many studies of upland game birds have suggested that success during the breeding 
season is the most limiting component of the life cycle for population growth, and may be 
the direct cause of population declines. The annual change in numbers of grouse can be 
attributed to the proportion of hens that nest, the size of clutches produced, and hatching 
success (Hudson and Rands 1988). These 3 primary factors have direct impact on the 
intrinsic rate of increase of the population (Bergerud 1988a). Reproductive success has been 
extensively researched on numerous waterfowl and gallinaceous species, and studies have 
reported significant variation in nesting success and survival of offspring. Very little is 
known about the reproductive success of sharp-tailed grouse, however, especially in a unique 
habitat such as that provided in the Peace River region.
Nesting success is one of the most widely studied aspects of avian ecology, and is 
critical in the understanding and management of bird populations. Nesting success is 
commonly defined as the percentage of nests that hatch a minimum of one or more offspring, 
and is highly variable both within and among species of precocial birds. Variation in nesting 
success has been attributed to many intrinsic and extrinsic factors, including female age 
(Bergerud 1988a), female body condition (Best and Stauffer 1980, Gloutney and Clark
1991), timing of breeding (Flint and Grand 1996), clutch size (Blums et al. 2002), nesting 
habitat (Clark and Nudds 1991, Aldridge and Brigham 2002), weather conditions (Svedarsky 
1988, Greenwood et al. 1995), and predation (Best and Stauffer 1980, Bergerud 1988a).
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important factor affecting reproductive success and population growth, survival of offspring 
is also a critical element of population viability and in the management and production of 
species (Blums et al. 2002, Aldridge and Brigham 2003, Panek 2005). Little information 
exists regarding the factors affecting survival of offspring, largely because of the difficulty in 
accurately measuring survival of chicks and determining sources of mortality in a secretive 
and mobile species, such as the sharp-tailed grouse (Johnson et al. 1992, Rotella and Ratti
1992).
Habitats used during the breeding season are an important component influencing the 
success of breeding sharp-tailed grouse. Habitats providing adequate cover are required for 
nesting and brood-rearing periods, and are critical in determining how successful female 
grouse are at bringing a nest to hatch and rearing their clutch (Bergerud 1988a, Hudson and 
Rands 1988, Watters et al. 2002). The lack of adequate cover and nesting habitats may lead 
to increased predation and subsequently poor reproductive success (With 1994, Campbell et 
al. 2002, Watters et al. 2002). Of all habitat types required by gallinaceous species, nesting 
and brood-rearing habitats are the most limiting factor for population growth (Svedarsky 
1988).
Objectives
The primary objective of my study was to quantify and describe patterns of 
reproductive success and habitat selection of sharp-tailed grouse in the Peace River region. 
By examining reproductive success, my goal was to identify if declines in sharp-tailed grouse 
populations can be attributed to the processes operating during the breeding season. The
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grouse, examine the patterns and sources of variation in observed clutch size, determine the 
influence of both physiological and environmental factors on nest success of first and renest 
attempts, and describe the survival time of nests under varying levels of measured habitat 
conditions; (2) to measure the success of broods of sharp-tailed grouse and determine the 
influence of physiological and environmental factors on brood success to chick 
independence, determine a conservative measure of the proportion of sharp-tailed grouse 
chicks surviving to independence using flush-count procedures, and identify the importance 
of female body condition, egg volume, weather conditions, brood size, hatching date, and 
brood movements on survival of offspring, and (3) to examine habitat selection patterns of 
female sharp-tailed grouse during the nesting and brood-rearing periods, and to assess 
selection patterns at the landscape, patch, and site scales.
To assess reproductive success and habitat selection during the breeding season, I 
radio-marked and monitored female sharp-tailed grouse during 2004-2005 in a population 
located in the Flatrock/Two Rivers area approximately 35 km southeast of Fort St. John, 
British Columbia (Figure 1.1). I developed candidate model sets including combinations of 
abiotic and biotic factors thought to influence measures of reproductive success, and tested 
for habitat selection using a number of habitat attributes measured at the landscape, patch, 
and site scales. I used logistic regression and conditional logistic regression to determine 
what factors were influential in affecting nest success, brood success, and habitat selection.
Thesis Outline
I organized my thesis in 3 separate chapters to be submitted for journal publication,
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Figure 1.1. The Flatrock/Two Rivers study area in the Peace River region, northeast British Columbia, Canada.
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7followed by a synthesis chapter that discusses the management implications of my research. 
In chapter 2 ,1 examine nest success using measures of habitat attributes recorded at the nest 
site and a number of physiological factors theorized to influence nest success. Additionally,
I examine the variation in clutch size of first nest attempts considering both female attributes 
and environmental conditions as possible explanatory variables. In chapter 3 ,1 assess brood 
success and chick survival using female physical attributes, timing of breeding, measures of 
the distance travelled by a brood, and climate conditions as covariates in the modeling 
process. In chapter 4 ,1 examine whether female sharp-tailed grouse selected for specific 
habitat attributes when selecting nest and brood locations at 3 spatial scales, the landscape, 
patch, and site scales, as animals tend to make habitat-selection choices in a hierarchical 
fashion (Johnson 1980). In the final chapter of my thesis, I discuss the fitness implications of 
habitat selection choices made by nesting and brood-rearing females in the Peace River 
region, and summarize my findings of reproductive success and habitat selection. I also 
discuss management options and directions, based on my findings, to improve the 
reproductive success of sharp-tailed grouse, maintain adequate habitats, and ensure 
populations remain stable across the region.
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Abstract
Success during the reproductive season is often the most important component 
limiting population growth of sharp-tailed grouse {Tympanuchus phasianellus), and nesting 
success is an important determinant of overall reproductive success. I examined nesting 
success and the factors hypothesized to influence nesting success in a population of sharp­
tailed grouse near Fort St. John, British Columbia during 2004 and 2005. Using walk-in 
traps at multiple lek locations, I radio collared and monitored 74 female sharp-tailed grouse 
during 2 consecutive breeding seasons. Mean clutch size of first nest and renest attempts 
was 11.93 + 0.18 SE and 9.08 ± 0.47 SE, respectively. The most important factor explaining 
variation in the clutch size of first nests was the date of nest initiation. Using logistic 
regression models and an information-theoretic approach, I assessed the importance of 
female attributes and habitat characteristics of nests on nesting success, defined as the 
percentage of nests successfully hatching a minimum of 1 egg. Nest success was 41% and 
50% in 2004 and 2005, respectively. The most important predictors of nest success were 
habitat characteristics, such as the amount of shrub and living cover, measured at the nest 
site. Predators were responsible for approximately 86% of nest losses and as such, habitat 
characteristics, such as living cover and shrub cover, provide critical concealment of nests 
from both avian and ground predators. The importance of nesting success in population 
maintenance and high rates of predation on nests in the study area illustrate the importance of 
habitat attributes in influencing nesting success of sharp-tailed grouse.
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Nesting success is one of the most widely studied aspects of avian ecology, and is 
critical in the understanding and management of bird populations. Nesting success is 
commonly defined as the percentage of nests that hatch a minimum of one or more chicks, 
and is highly variable both within and among species. Variation in nesting success has been 
attributed to many intrinsic and extrinsic factors. In some species, the age of the breeding 
female contributes to her ability to successfully hatch a nest as prior breeding experience 
may increase the likelihood of success, whereas age-related social dominance may force 
juvenile females into lesser quality habitats, resulting in decreased nesting success (Bergerud 
1988a, Bergerud and Gratson 1988). Further, a female’s body condition can influence her 
ability to nest successfully because of the physiological constraints that are experienced 
through increased energy and nutrient demands during the breeding season (Rohwer 1992).
Environmental factors such as nesting habitat (Clark and Nudds 1991, Aldridge and 
Brigham 2002), weather conditions (Svedarsky 1988, Greenwood et al. 1995), and predation 
events (Best and Stauffer 1980, Bergerud 1988a) are also important in affecting nest success. 
Habitat is probably the most important factor affecting nest success of precocial birds, such 
as sharp-tailed grouse (Tympanuchus phasianellus), and is a key component of predation 
avoidance because it can provide critical nesting cover attributes (Clark and Nudds 1991, 
Rangen et al. 1999). Many habitat attributes contribute to nest success including the type of 
habitat, the size of the nest patch, the degree of cover and concealment, and species 
composition of the surrounding vegetation (Clark and Nudds 1991, Pasitschniak-Arts et al. 
1998, Campbell et al. 2002). Although predation is the primary cause of female mortality, 
nest failure, and chick mortality in ground-nesting birds like grouse and waterfowl (With
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1994, de Vries et al. 2003, Pietz et al. 2003), predation does not occur in isolation and 
numerous factors can contribute to losses due to predation. For example, weather conditions 
and poor habitat quality may increase the likelihood of a depredation event (Pietz et al.
2003).
In addition to nesting success, the evolution of the optimal clutch size, as well as the 
sources of variation in clutch size, have also received a great deal of attention (Lack 1964, 
Williams 1966, Lack 1967, Lack 1968, Moss et al. 1981, Erikstad et al. 1985, Myberget 
1989, Naylor and Bendell 1989, Milonoff 1991, Rohwer 1992). Across gallinaceous species, 
average clutch size can range from 5 to 6 eggs in spruce grouse (Dendragapus canadensis) to 
12 to 13 eggs in prairie breeding species (Bergerud 1988a). Variation also exists within a 
species. For example, the average clutch size of spruce grouse ranges from approximately 4 
eggs in Minnesota to 7 eggs in Alaska (Bergerud 1988a). Initially, it was proposed that 
clutch size was limited by the ability of the parents to acquire food for their young (Lack 
1968). This hypothesis, however, is not applicable to birds with precocial young, and 
therefore, current hypotheses suggest that optimal clutch size is likely determined by a 
combination of genetic and environmental factors (Murphy 1978). While the maximum 
clutch size within a species is probably determined by genetics (Jones and Ward 1976), the 
question of why some birds lay more or less eggs than the most productive clutch size 
remains (Murphy 1978).
Populations of sharp-tailed grouse have been declining on local, regional, and 
provincial levels in British Columbia for several years (Leupin 2003). In the Peace River 
region of northeastern British Columbia, where local biologists and landowners suggest that 
populations have been steadily declining over the past several decades (R. Backmeyer, Fort
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St. John, personal communication), relatively little survey or census data has been collected 
relative to population numbers and the habitat requirements of sharp-tailed grouse in the 
region is unknown. For many gallinaceous species, success during the breeding season is 
often the most limiting component of the life cycle for population growth, and may be 
directly related to declining populations. The annual change in numbers of grouse can be 
attributed to the proportion of females that nest, the size of clutches produced, and nesting 
success (Hudson and Rands 1988), all of which have direct impacts on the intrinsic rate of 
increase of populations (Bergerud 1988a).
In this chapter, I investigate the influence of a number of intrinsic and extrinsic 
factors that may influence nest success of sharp-tailed grouse in the Peace River Region, 
British Columbia. The objectives of this chapter are to: (1) describe the patterns of variation 
in clutch size and investigate the factors important in influencing this variation; (2) determine 
the influence of both physiological and environmental factors on nest success of first and 
renest attempts; and (3) describe the survival time of nests under varying habitat conditions.
Study Area
The study area consisted of a 320-km2 area located approximately 35 km southeast of 
Fort St. John, British Columbia (refer to Figure 1.1) and encompassed the upland areas and 
river breaks at the confluence of the Beatton and Peace Rivers (56° 11 ’ N, 120°25’ W, ca 
600 m elevation). The study area was located in the Aspen Parkland Ecoregion (Meidinger 
and Pojar 1991), however, much of the area had been converted to agricultural land use 
including cereal and hayfield crops, and pastureland for livestock. Aspen (Populus 
tremuloides) forests, mixed aspen-white spruce (Picea glauca) forests, and black spruce
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(Picea mariand) muskeg bogs were common in the upland natural areas. Along the southl­
and west-facing river breaks, there was a strong influence of natural shrub and grassland 
communities. Sharp-tailed grouse were reasonably abundant, and multiple lek sites existed 
in the study area.
Methods 
Field Techniques
During April and May of 2004 and 2005,1 trapped sharp-tailed grouse on 9 different 
leks throughout the study area using walk-in traps (Schroeder and Braun 1991). All birds 
captured were fitted with individually numbered aluminium leg bands, and females were 
fitted with 15-g, necklace-style radio transmitters (Model R1-2BM, Holohil Systems Ltd, 
Carp, ON), representing approximately 1 to 2% of an average female’s mass (Bergerud 
1988£, White and Garrott 1990). Radios were capable of transmitting signals for 24 months, 
and each transmitter was programmed with a mortality switch that was triggered after the 
transmitter had been motionless for a minimum of 8 hr. 1 used head- and tail-feather patterns 
to distinguish female and male grouse, and the shape and degree of fraying of the ninth and 
tenth primary feathers to determine age of the bird (adult vs. juvenile; Bihrle 1993). In 
addition to marking the birds with radio collars and leg bands, I recorded several 
measurements from each bird, including mass and length of the wing chord. I calculated an 
index of female body condition by regressing mass against the length of the wing chord 
using the Reduced Major Axis (RMA) method (Green 2001). Residuals generated from the 
regression represented an index of female body condition for all further analyses. I relocated 
females every second or third day, using triangulation procedures, to determine their general
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location and activity using an H-antennae (Lotek Wireless, Newmarket, ON) and a Lotek 
SRX400 Receiver (Lotek Wireless, Newmarket, ON). Most relocations of marked females 
were conducted from the ground. Helicopter or fixed-wing aircraft, however, were also used 
to locate females that could not be located from the ground.
Approximately 2 weeks post-capture, I began locating nests by flushing each female 
on a weekly basis until a nest was located. In general, females were flushed during late 
morning or early afternoon to increase the likelihood of nest attendance and reduce the 
possibility of interrupting laying activities. When a nest was located, I recorded the nest 
location using a hand-held 12 Channel Global Positioning System (Garmin Etrex; Garmin 
International Inc., Olathe, KS). While at the nest, I recorded clutch size, stage of incubation 
using field candling techniques (Weller 1956), and average egg size by measuring a 
minimum of 2 randomly chosen eggs from the clutch. I estimated dates of clutch initiation, 
initiation of incubation, and projected hatching dates from the clutch size and stage of 
incubation recorded at the nest visit.
To quantify the extent and timing of nest losses, I located nesting females every 
second or third day during egg-laying and incubation to determine whether nests remained 
active. I monitored nests from a minimum distance of 100 m to minimize the disturbance to 
the laying or incubating female. I assumed that presence of the female in close proximity to 
the nest was indicative of an active nest. If the female was not on the nest, I visited the nest 
site to determine its fate. I considered a nest depredated if eggshell fragments were present 
at the nest site, or if eggs were missing from the nest bowl (Klett et al. 1986). If exact dates 
were not known, I estimated nest failure dates as the midpoint between the last day the nest 
was known to be active and the day mortality was recorded (Mayfield 1961). I considered a
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nest successful if I observed evidence of detached shell membranes (Klett et al. 1986), 
indicating that a minimum of 1 egg had hatched. Three to 4 days prior to the expected 
hatching date, I checked each nest daily using triangulation procedures to accurately estimate 
hatching date. I determined hatching date as the day prior to a female and brood leaving the 
nest, as the female will remain on the nest for one day while the eggs hatch. I measured nest 
site characteristics the day after the nest hatched, or on the expected date of hatching if the 
nest had been depredated.
I quantified characteristics of the nest site by measuring habitat variables within 
20 cm of the nest bowl. I determined the degree of nest concealment by visually inspecting a 
20-cm by 20-cm square, placed over the nest bowl, from 1 m above the nest (Higgins et al. 
1994). I measured the percentage that each quarter of the square was obscured by overhead 
vegetation and averaged the 4 cover measurements to provide an overall measure of vertical 
cover. I estimated the amount of live cover over the nest as a percentage, and determined 
vegetation structure and composition by estimating the amount of cover from shrubs, grasses, 
and forbs covering the nest. Measures of cover from shrubs, grasses, and forbs were not 
stratified into layers; therefore, cover measurements could not exceed 100%. I also recorded 
coarse habitat measurements including predominant vegetation type at the nest site (forb, 
shrub, grass, or mixed) and general habitat type (shrub-steppe, agricultural field, aspen, or 
other). The “other” habitat category included any nest located in habitats such as leave areas, 
grassy right-of-ways, or roadside ditches. In addition, I categorized nest locations as 
occurring in natural or agricultural habitats. Daily weather data for the study period was 
obtained from the Environment Canada weather station at the Fort St. John Airport 
(Environment Canada 2006), located approximately 35 km northwest of the study area.
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Data Analyses
Timing o f  breeding and clutch size. I initially tested whether clutch size, nest initiation 
dates, and nest hatching dates varied between years, nest attempts, and with female age, 
using a series of one-way analysis of variance tests. For analyses involving clutch size, I 
used a reduced data set because complete clutch information was not available for all nests, 
as some nests were depredated before I could determine a final clutch size. These nests were 
thus considered incomplete, and excluded from analyses.
I modeled clutch size of first nests considering the influence of the following 
variables: female age, body condition, body size (length of a female’s wing chord), egg 
volume, clutch initiation date, and weather conditions, specifically those prior to clutch 
initiation and during the laying period. Rapid follicular growth (RFG), when yolk 
accumulates in each ovarian follicle, begins 7 to 13 days before clutch initiation in domestic 
fowl (Gilbert and Wood-Gush 1971, Alisauskas and Ankney 1992). As it is unknown when 
RFG begins in sharp-tailed grouse, I assumed the RFG period was 10 days prior to clutch 
initiation. RFG is probably affected by both food intake and energy expenditure of females, 
which in turn can be influenced by weather conditions. I entered daily mean rainfall and 
total rainhours in a Principal Components Analysis (PCA), and used the first component 
(PCI) as an index of weather during RFG and the laying period. PCI explained 90.25% of 
the variation, an acceptable value for 2 eigenvalues (Frontier 1976, Jackson 1993). I then 
averaged the PCI values for each nest for the period of RFG and the laying period. I did not 
include temperature in the PCA as the first component (PCI) generated from the 
3 eigenvalues was not interpretable (Frontier 1976, Jackson 1993).
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Using biological knowledge, I developed 9 candidate models and tested each model 
using a Type III Sums of Squares analysis of variance test (ANOVA). I compared models 
using quasi-Akaike’s Information Criterion (QAICc) for small sample sizes and 
overdispersion in the data (Burnham and Anderson 1998), and I examined model fit using 
the coefficient of determination (Sokal and Rohlf 2001).
Nest success. I used a G-test of independence to test for differences in nest success 
between year (2004 vs. 2005), age group (adult vs. juvenile), nest attempt (first nests vs. 
renests), and I used Fisher’s exact test to determine if nest success was independent of the 
type of habitat (agricultural field, aspen, shrub-steppe, or other) the nest was located in 
(Mehta and Patel 1983, STATA 2005). I used a Mann-Whitney G-test post-hoc to compare 
mean daily temperature, total daily rainfall, and total snowfall between study years (Sokal 
and Rohlf 2001).
My primary objective in this study was to quantify nest success and investigate what 
factors influence nest success within the study population. Sharp-tailed grouse will renest in 
the same season if a first clutch is lost, so I analysed nest success separately for first nests 
and renest attempts to avoid pseudoreplication. I considered the influence of age and body 
condition of the breeding female, weather, clutch size, nest initiation date, egg volume, 
vegetation structure, and general habitat quality on nest success using logistic regression 
(Sokal and Rohlf 2001). Estimates of nest success in studies that employ nest searches to 
locate nests are often upwardly biased because nests depredated during the egg-laying period 
or early in incubation are rarely found, and are, therefore, not accounted for in nest success 
estimates (Shaffer 2004). Because I radio marked females and was able to locate nearly 
every nest that was initiated, however, the amount of bias associated with the length of
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exposure of a nest was reduced. In addition, nests were generally located early in the nesting 
cycle, further reducing the bias discussed by Mayfield (1961, 1975) and others (Hensler and 
Nichols 1981, Nur et al. 2004, Shaffer 2004).
I developed logistic regression models to test for the effects of different combinations 
of independent variables on nest success of first nests and renests. Candidate models for first 
nests were comprised of 5 variables: body condition of the female, nest initiation date, living 
cover, forb cover, and the distance from the nest to the nearest patch edge (Table 2.1). These 
variables were included based on field observations, biological rationale, and to avoid 
collinearity between variables in the logistic regression model. I transformed the percentage 
of grass cover, shrub cover, forb cover, living cover, and vertical cover using arcsine 
transformations, which are appropriate for regression tests (Sokal and Rohlf 2001). I tested 
each of my candidate models to ensure there were no violations of the assumptions of 
logistic regression. I used the Box-Tidwell transformation to test for linearity between the 
independent variable and the logit (Hosmer and Lemeshow 2000, Menard 2002). I used 
Pearson’s correlations and variance inflation factors (VIF) to test for collinearity between all 
independent variables (Chatterjee et al. 2000, Menard 2002). I assumed collinearity was 
present if correlation coefficients were greater than the absolute value of 0.6 and 
multicollinearity was apparent if VIF values were greater than 10 or if mean VIF values were 
considerably larger than 1 (Chatterjee et al. 2000). I assessed outliers by visually inspecting 
standardized residuals. Menard (2002) suggests that 99% of the cases in each model should 
have standardized residual values between -2.58 and +2.58. Cases with values greater or 
less than 2.58 were removed from the data set prior to analysis.
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Table 2.1. A priori candidate model set used for modeling factors influencing nest success of 30 first nests and 13 renest attempts of 
sharp-tailed grouse in the Peace River region, northeast B.C., 2004-2005. This candidate model set was also used for modeling factors 
influencing the survival time of nests, using Kaplan-Meier analysis (Pollock et al. 1989), of first and renests attempts.
Model components First nests Renests
Forb cover X X
Living cover X X
Distance to the nearest patch edge X
Nest initiation date X
Female body condition X
Forb cover + living cover X X
Forb cover + distance to nearest patch edge X
Forb cover + living cover + nest initiation date X
Female body condition + living cover X
Distance to nearest patch edge + living cover X
Forb cover + living cover + distance to nearest patch edge + female body condition + nest 
initiation date
X
Forb cover + living cover + nest initiation date X
oo
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I used an information-theoretic approach to assess what factors were most important 
in determining nest success of sharp-tailed grouse nests in my study population, by 
calculating QAICc for each candidate model (Burnham and Anderson 1998). I used delta- 
QAICc (A,) values to rank competing models to determine which of the candidate models 
best described the data. I calculated Akaike weights (w,) for each candidate model to assess 
the probability that a given model was the best model from the candidate set (Burnham and 
Anderson 1998, Anderson et al. 2000). In the occurrence of model competition (i.e., one 
model cannot confidently explain the data better than other candidate models), I considered 
all models with AQAICc values < 2.0 (Burnham and Anderson 1998).
To assess the fit of each model to the data, I used likelihood ratio ^-statistics 
(Hosmer and Lemeshow 2000), and to assess predictive accuracy of each model, I used 
Receiver Operating Characteristic (ROC) estimates of the area under the curve (Hosmer and 
Lemeshow 2000, Aldridge 2005). ROC estimates of the area under the curve are most 
appropriate for models in which presence and absence can be ascertained (Fielding and Bell 
1997). Because of the nature of the analysis and the ability to correctly classify successful 
vs. failed nests, ROC is an appropriate method for assessing predictive accuracy of logistic 
regression models. ROC values between 0.7 and 0.8 indicate acceptable predictive accuracy, 
values between 0.8 and 0.9 indicate excellent predictive accuracy, and values greater than 0.9 
suggest outstanding accuracy (Hosmer and Lemeshow 2000). Models with ROC values less 
than 0.5 suggest that predictive accuracy is not better than random chance.
In addition to assessing nest success, I also examined the survival time of first nests 
and renests from nest initiation until the nest hatched or a depredation event occurred using 
the Kaplan-Meier product-limit procedure with staggered-entry design (Pollock et al. 1989).
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I calculated variance estimates using Greenwood’s formula, and tested for differences in nest 
survival functions between year, nest attempt, and female age using a log-rank test (Pollock 
et al. 1989). The Kaplan-Meier procedure is suitable for the comparison of survival 
functions for variables in which categories can be defined, but is unable to accommodate the 
effects of continuous covariates (Hosmer and Lemeshow 1999). The Cox regression method 
can be used to test for the effects of continuous covariates (Collett 1994, Hosmer and 
Lemeshow 1999), but small sample size precluded using this method. Instead, I divided each 
continuous covariate of interest into 2 groups or categories, and tested for differences in the 
survival function of each category using a log-rank test. The division point for each variable 
was achieved using a combination of the mean of the variable of interest, maintaining a 
balanced sample size in each category, and using biological knowledge to determine possible 
thresholds for each variable (Table 2.2). As with previous analyses, nest survival time was 
analyzed separately for first and renest attempts.
I used 31 first nest attempts and 14 renests for the Kaplan-Meier analyses. This 
sample size differed slightly from the sample size used for the logistic regression analysis of 
nest success (30 first nests and 13 renests). Nests with incomplete information such as 
unknown fate or when female mortality occurred away from the nest site, could not be 
included in logistic regression analyses. Nests with unknown fate can be used in the Kaplan- 
Meier analysis, however, contributing important information to the analysis until the nest is 
censored at the time in which nest fate becomes unknown. This information would 
otherwise be lost using the logistic regression method. I conducted all statistical analyses 
using SPSS 12.0.1 (SPSS 2003) and Intercooled Stata 9.2 (STATA 2005), with a 
significance level of P < 0.05. I report means ± 1 standard error.
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Table 2.2. Categories used for comparison of survival functions, using the Kaplan-Meier
procedure (Pollock et al. 1989), of sharp-tailed grouse nests in the Peace River region,
northeast B.C., 2004-2005.
Variable
Category values
First nests Renests
Group 1 Group 2 Group 1 Group 2
Forb cover (%) 0-29 30-100 0-35 36-100
Living cover (%) 0-60 61-100 0-80 81-100
Distance to nearest patch 0-9 10-50 - -
edge (m)
Julian nest initiation date 116-127 128-147 141-154 155-173
Female body condition Residuals < 0 Residuals > 0 - -
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 2
Results
In 2004 and 2005 I trapped 74 female sharp-tailed grouse on 9 different leks.
Twenty-three females were captured in 2004, and 51 females were captured in 2005. Of the 
74 females trapped and marked, 50 birds attempted to nest, resulting in 15 first nests and 6 
renests in 2004 and 30 first nests and 11 renests in 2005. The remaining 24 females died 
before a nest could be located. Five of these birds lived for more than 20 days post-capture, 
however, and it is possible that these birds never attempted to nest, suggesting that 
approximately 7% of females failed to be bred. In 2005, 3 nests were not located until after 
the nests had hatched. These nests were considered successful for nest success analyses, but 
were not used for analysis of clutch size or nesting habitat.
Timing o f  Breeding
The date of nest initiation was significantly earlier in 2005 than in 2004 (F=  18.29, 
d f=  1,51 , P < 0.01), cind significantly later in renest attempts than in first nests (F  228.68, 
df = 1,51 , P < 0.01; Table 2.3). The date of nest initiation, however, was not affected by 
female age ( F -  2.49, df = 1,51, P = 0.12), the interaction between year and female age 
(F=  0.10, df = 1,51, P = 0.75), the interaction between year and nest attempt (F=  0.89, 
df = 1,51, P = 0.35), or by the interaction between female age and nest attempt (F= 2.65, 
df = 1,51, P = 0.11). Field observations of weather conditions, remaining snowpack, and lek 
activity suggested that an early start to the breeding season may have corresponded with an 
early and mild spring in 2005 relative to 2004. To determine if my observations were 
correct, measures of mean daily temperature, total daily rainfall, and total snowfall in April 
and May were compared between 2004 and 2005. Mean temperature and mean rainfall were
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Table 2.3. Mean nest initiation dates and hatching dates, in Julian days, for first and renest
attempts o f sharp-tailed grouse in the Peace River region, northeast B.C., 2004-2005.
Variable
2004 2005
X
SE
(days) X
SE
(days)
Nest initiation date
First nests 132.80 1.41 126.89 0.81
Renests 159.83 3.38 150.36 1.71
Hatching date
First nests 166.40 1.83 162.42 0.80
Renests 196.50 5.50 184.80 2.71
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not significantly different between April 2004 and April 2005 (Table 2.4). There was, 
however, significantly more snow remaining on the ground in April 2004 than in April 2005. 
A minimum of 10 cm of snow remained on the ground between 13 April 2004 and 17 April 
2004. Conversely, no substantial amount of snow remained on the ground for the month of 
April 2005 (Environment Canada 2006). Even though the presence or absence of snow 
remaining on the ground does not solely determine initiation of the dancing period and lek 
attendance, the lack of snow remaining on the ground may have resulted in earlier nest 
initiation in 2005.
The length of the incubation period ranged from 22 to 24 days, and was similar 
between nest attempts (first nests: 23.7 ± 0.14 days, n = \ l \  renests: 23.7 ± 0.18, n = 7). 
Corresponding to early nest initiation dates, the date of hatching was also significantly earlier 
in 2005 than 2004 (F= 6.80, df = 1,16, P = 0.02), and was significantly later in renests than 
in first nests (F= 120.57, df = 1,16, P < 0.01; Table 2.3). There was also a significant 
interaction between year and nest attempt (F = 6.01, df = 1,16, P = 0.03). The interaction 
between year and nest attempt was apparent because hatching dates of first nests differed 
between years, whereas hatching dates did not differ for renests, which is likely related to a 
low sample of renests in 2004 (n = 2; Figure 2.1a). The date of hatching was not affected by 
female age (F  = 4.32, df = 1,16, P  = 0.05), the interaction between year and female age 
(F= 0.39, df = 1,16, P = 0.54), or by the interaction between female age and nest attempt 
(F= 2.90, df = 1,16, P -  0.11).
Clutch Size
Clutch size was not significantly affected by female age (F < 0.01, df = 1,33,
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
25
Table 2.4. Mean daily temperature (°C), total daily rainfall (mm), and total depths of snow 
(cm) remaining on the ground for the month of April in 2004 and 2005 in the Peace River 
region, northeast B.C.
2004 2005
Variable X SE X SE Statistic n P-value
Mean daily temperature (°C) 5.37 0.88 5.76 0.71 -0.35a 60 0.73
Total daily rainfall (mm) 0.19 0.19 0.38 0.22 -0.65a 60 0.52
Snow on the ground (cm) 2.60 0.98 0.07 0.07 2.33b 60 0.02
a /‘-statistic from an independent samples t-test. 
b Z-statistic from a Mann-Whitney U-test.
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Figure 2.1. Plots of the means for (a) hatching dates and (b) clutch sizes of first nest and 
renest attempts of sharp-tailed grouse in the Peace River region, northeast B.C. for the 2 
study years (2004 and 2005).
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P = 0.98), the interaction between age and nest attempt (F = 2.32, df = 1,33, P = 0.14), or the 
interaction between age and year (F = 0.10, df = 1,33, P = 0.76). Clutch size was, however, 
significantly larger in first nests than renests (F = 57.19, df = 1,33, P < 0.01), and was larger 
in 2005 than 2004 (F=  9.43, df = 1,33, P < 0.01). There was also a significant interaction 
between nest attempt and year (F =  4.60, df = 1,33, P = 0.04; Figure 2.1b). Clutch size of 
first nests was larger than renests in both years. The interaction, however, was apparent 
because clutch size of renests was larger in 2005 than in 2004, which was likely the result of 
a small sample of renests in 2004 (n = 2; Figure 2.1b). Clutch sizes of successful and failed 
nests were not significantly different (Table 2.5).
First Nests. The top-ranked AQAICc model for first nests included the date of nest 
initiation (Table 2.6), and suggested that clutch sizes became significantly smaller with later 
dates of nest initiation (F=  15.04, df = 1,25, P < 0.01). The model with nest initiation date 
explained 37.6% of the variation and was clearly superior to other models (AQAICc> 2.0; 
Table 2.6).
Renests. Due to a small number of renest attempts with complete clutch information in 
2004 (n = 2), my analyses of sources of variation of clutch size in renests were limited.
Mean clutch size of renests was significantly greater in 2005 (9.5 ± 0.4, n = 10) than in 2004 
(7.0 ± 1.0, n — 2; t = -2.37, df = 10, P = 0.04). Due to a limited sample, however, the power 
of this test was low. With year effects considered, the analysis of variance model containing 
nest initiation date (F= 8.21, df = 1,8, P = 0.02), year (F=  0.04, df = 1,8, P = 0.84), and an 
interaction term between year and nest initiation date (F = 0.05, df = 1,8, P = 0.83) explained 
75.5% of the variation in clutch size of renests, and showed a similar trend of decreasing 
clutch sizes with later nest initiation dates to that observed in first nest attempts.
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Table 2.5. Mean clutch size o f successful and unsuccessful first and renest clutches o f sharp­
tailed grouse in the Peace River region, northeast B.C., 2004-2005.
Successful Failed
Variable x  SE x SE t n / ’-value
First nests 
Renests
12.1 0.8 
8.9 0.7
12.2 0.8 
9.7 0.6
0.48
0.84
26
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0.64
0.42
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Table 2.6. Quasi-Akaike’s Information Criterion (QAICc), AQAICc, Akaike weights (w,), and R2 values for each analysis of variance 
candidate model explaining the variation in clutch sizes of first nests of sharp-tailed grouse in the Peace River region, northeast B.C., 
2004-2005. Sample size was consistent among all candidate models (n = 27).
Model structure Ka QAICc AQAICc w,b R2c
Nest initiation date 4 23.93 0 0.42 0.38
Nest initiation date + egg volume 5 26.22 2.29 0.13 0.45
Egg volume 4 26.37 2.44 0.12 0.07
Wing chord length 4 26.37 2.44 0.12 0.07
Female body condition 4 26.78 2.85 0.10 <0.01
Weather + female body condition 5 28.55 4.63 0.04 0.19
Wing chord length + egg volume + nest initiation date 6 28.76 4.83 0.04 0.52
Female age + female body condition 5 29.23 5.31 0.03 0.11
Nest initiation date + egg volume + wing chord length + female body condition + 
weather + female age
9 39.56 15.63 <0.01 0.63
a The number of parameters in the model included the explanatory variable(s), the intercept and the error term from the ANOVA 
model, and the variance inflation factor for calculation of QAICc (Burnham and Anderson 1998). 
b Generalized Akaike weights that can be interpreted as the relative degree of certainty associated with each model.
0 Analysis of variance coefficient of determination.
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Nest Success
Apparent nest success for the two study years was 43.54 ± 6.34% (n = 62). The 
majority of nest losses were attributed to direct nest predation events (85.72%), 2 nests 
(5.71%) were abandoned by the female, and an additional 3 nests were lost when mortality of 
the female occurred away from the nest (8.57%). Because the majority of nest losses were 
due to predation events, I focussed my analysis of nest success on successful nests and nests 
lost to predation, which resulted in a sample size of 57 nests. Nest success did not differ 
between the 2 years, nor did it differ between first nests and renests (Table 2.7). Ten of 17 
females that lost their first nest attempt renested (58.8%). Of the 7 females that did not 
attempt to renest, 3 clutches were depredated late in the incubation period. Nest success of 
first nests (Fisher’s exact test, P -  0.80, n = 38) and renests (Fisher’s exact test, P = 0.12, 
n = 16) was independent of habitat type (Figure 2.2).
First Nests. For inferences of nest success, I considered all models with AQAICc values < 
2.0. The top-ranked AQAICc models were (1) forb cover, (2) forb cover + living cover, and 
(3) living cover (Table 2.8). These models had good fit (P < 0.05) and acceptable predictive 
accuracy (ROC > 0.7). None of these models, however, had strong support (Akaike weights 
< 0.25; Table 2.8). Based on Akaike weights, AQAICc values, and commonality of the 
variables in the top-ranked models, my data suggest that the most important factors 
influencing nest success of first nest attempts in the population were forb cover and living 
cover (Table 2.8). A 1% increase in the percentage of forb cover at a nest site resulted in 
approximately a 6-8% decrease in the odds of a nest being successful, whereas a 1 % increase 
in living cover corresponded with a 4-7% increase in the odds of a successful nest (Table 
2.9).
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Table 2.7. Apparent nest success of sharp-tailed grouse in the Peace River region, northeast 
B.C., 2004-2005.
Nest successa
Variable jc SE Statistic1 n F-value
Year
2004
2005
0.41
0.50
0.12
0.08 0.37 57 0.54
Nest attempt 
First nests 0.49 0.08 0.12 57 0.73Renests 0.44 0.12
a Nest success calculated as the no. nests hatching > 1 egg / total 
number of nests.
b G-statistic from the G-test of independence.
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Figure 2.2. Percentage of use of different habitat types by successful and unsuccessful first 
nests and renest attempts of sharp-tailed grouse in the Peace River region, northeast B.C. 
(2004-2005). The “other” habitat category includes any nest located in habitats such as leave 
areas, grassy right-of-ways, or roadside ditches. Sample size of nests in each category are 
given above each bar.
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Table 2.8. Quasi-Akaike’s Information Criterion (QAICc), AQAICc, Akaike weights (w,), likelihood ratio test statistics for model 
goodness-of-fit, and area under the Receiver Operating Curve (ROC) with associated standard error for each logistic regression 
candidate model, for nest success of first nest attempts of sharp-tailed grouse in the Peace River region, northeast B.C., 2004- 
2005. Sample size for all models was n = 30.
Model structure Ka QAICc AQAICc w;h
Model LR y2 
y2 df P-value
Accuracy 
ROCc SE
Forb cover 3 17.09 0 0.25 8.23 1 <0.01 0.79 0.08
Forb cover + living cover 4 17.72 0.62 0.18 14.97 2 <0.01 0.86 0.07
Living cover 3 18.39 1.30 0.13 3.96 1 0.05 0.70 0.10
Distance to nearest patch edge 3 19.22 2.13 0.09 1.25 1 0.26 0.54 0.11
Female body condition 3 19.52 2.43 0.07 0.27 1 0.61 0.54 0.11
Forb cover + distance to nearest patch 4 19.58 2.49 0.07 8.85 2 0.01 0.79 0.09
edge
Nest initiation date 3 19.60 2.51 0.07 <0.01 1 0.97 0.50 0.11
Forb cover + living cover + nest 5 20.33 3.24 0.05 15.91 3 <0.01 0.88 0.06
initiation date
Distance to nearest patch edge + living cover 4 20.64 3.55 0.04 5.37 2 0.07 0.75 0.09
Female body condition + living cover 4 21.05 3.95 0.04 4.04 2 0.13 0.69 0.10
Forb cover + living cover + distance to 7 26.77 9.67 <0.01 16.40 5 <0.01 0.88 0.06
nearest patch edge + female body condition + 
nest initiation date
aThe number of parameters in the model included the explanatory variable(s), the constant term from the logistic regression 
model, and the variance inflation factor for calculation of QAICc (Burnham and Anderson 1998). 
b Generalized Akaike weights that can be interpreted as the relative degree of certainty associated with each model. 
c Area under the receiver operating curve is used as a measure of model predictive accuracy.
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Table 2.9. Coefficient (J3, ± SE) and odds ratio (odds ± SE) estimates for the top-ranked 
(AQAICc < 2.0) logistic regression models and their associated variables used in 
characterizing nest success of first nest attempts of sharp-tailed grouse in the Peace River 
region, northeast B.C. (2004-2005). Models are arranged based on AQAICc rankings as 
summarized in Table 2.8. Sample size for all models was n = 30.
Models and variables Pi SE Odds ratio SE / ’-value
Forb cover 
Forb cover -0.06 0.02 0.94 0.02 0.01
Forb cover + living cover 
Forb cover -0.09 0.04 0.92 0.03 0.02
Living cover 0.06 0.03 1.07 0.03 0.03
Living cover 
Living cover 0.04 0.02 1.04 0.02 0.06
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Renests. The top-ranked QAICc model explaining nest success in renests, living cover, 
had good fit (P < 0.05), acceptable predictive accuracy (ROC = 0.80), and had relatively 
strong support compared to competing models (w, = 0.48; Table 2.10). Model competition 
was apparent as 3 models had AQAICc values < 2.0. Competing models, however, had 
relatively poor model fit (P > 0.05) and low predictive accuracy (ROC = 0.50) compared to 
the top-ranked model. According to the top-ranked QAICc model, renests are approximately 
1.13 times more likely to be successful when associated with a greater percentage of living 
cover at the nest (Table 2.11).
Nest survival time decreased with nest age (Figure 2.3). The average length of time a 
nest survived in 2004 was 28 ± 2 days, and was 30 ± 1 days in 2005 (Figure 2.4a). First 
nests had a mean survival time of 29 ± 1 days, while renests survived on average 29 ± 2 days 
(Figure 2.4b). Nest survival time was not different between 2004 and 2005, nor was survival 
time different between first nest attempts and renests (Table 2.12). Using the Kaplan-Meier 
procedure, I found that survival time of first nest attempts was significantly shorter with 
higher forb cover than with lower forb cover at the nest (Figure 2.5a, Table 2.12), whereas a 
higher percentage of living cover at the nest site resulted in significantly greater survival time 
(Figure 2.5b, Table 2.12). Survival time of renest attempts was not different between high 
and low levels of living cover (Figure 2.6, Table 2.12). Given the importance of living cover 
in predicting nest success (Table 2.10), however, this may be a biologically important 
variable in explaining the survival time of renests, but may not have been detected because of 
low sample size and power of the test.
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Table 2.10. Quasi-Akaike’s Information Criterion (QAICc), AQAICc, Akaike weights (w,), likelihood ratio test statistics for model 
goodness-of-fit, and area under the Receiver Operating Curve (ROC) with associated standard errors for each logistic regression 
candidate model explaining nest success of renest attempts of sharp-tailed grouse in the Peace River region, northeast B.C., 2004- 
2005. Sample size for all models was n=  14.
Model LR y2 Accuracy
Model Structure Ka QAICc AQAICc w,b I 2 df / ‘-value ROCc SE
Living cover 3 12.79 0 0.48 5.52 1 <0.05 0.80 0.13
Nest initiation date 3 14.40 1.61 0.22 0.45 1 0.50 0.59 0.16
Forb cover 3 14.53 1.74 0.20 0.03 1 0.87 0.51 0.17
Forb cover + living cover 4 16.07 3.28 0.09 7.96 1 <0.05 0.89 0.10
Forb cover + living cover + nest initiation date 5 20.64 7.85 0.01 9.49 3 <0.05 0.92 0.08
aThe number of parameters in the model included the explanatory variable(s), the constant term from the logistic regression model, 
and the variance inflation factor for calculation of QAICc (Burnham and Anderson 1998).
b Generalized Akaike weights that can be interpreted as the relative degree of certainty associated with each model. 
c Area under the receiver operating curve (ROC) is used as a measure of model predictive accuracy.
OS
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Table 2.11. Coefficient (/?, ± SE) and odds ratio (odds ± SE) estimates for the top-ranked 
quasi-Akaike’s Information Criterion (AQAICc < 2.0) logistic regression models and their 
associated variables used in characterizing nest success of renest attempts of sharp-tailed 
grouse in the Peace River region, northeast B.C. (2004-2005). Models are arranged based on 
AQAICc rankings as summarized in Table 2.10. Sample size for all models was n = 14.
Models and variables Pi SE Odds ratio SE P-value
Living cover 
Living cover 0.12 0.07 1.13 0.08 0.07
Nest initiation date 
Nest initiation date 0.04 0.07 1.04 0.07 0.51
Forb cover 
Forb cover <0.01 0.03 1.00 0.02 0.87
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Figure 2.3. Kaplan-Meier product limit estimate for nest survival time of 62 nests (nest 
attempts and years pooled) in relation to age of nests for sharp-tailed grouse in the Peace 
River region, northeast B.C., 2004-2005.
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Figure 2.4. Kaplan-Meier product limit estimate for nest survival time of 62 nests in relation 
to age of nests of sharp-tailed grouse in the Peace River region, northeast B.C., 2004-2005. 
Nest survival functions and 95% confidence intervals are shown for (a) 2004 and 2005, and 
(b) first nests and renests. Nest survival time was not significantly different between the 2 
study years or between nest attempts.
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Table 2.12. Results of the Kaplan-Meier analysis comparing nest survival functions from 
categories of variables believed to influence survival time of first nests and renests of sharp­
tailed grouse in the Peace River region, northeast B.C., 2004-2005.
Survival time (days)
Variable_______________________x________ SE_____ y2 a df P-value
Year
2004 28 2 0.53 1 0.462005 30 1
Nest attempt
First Nests 29 1 0.19 1 0.66Renests 29 2
First nest attempts
Forb cover
Low (0-29%) 34 1 6.64 1 0.01High (30-100%) 26 3
Living cover
Low (0-60%) 29 2 4.41 1 0.03High (61-100%) 33 2
Renest attempts
Living cover
Low (0-80%) 27 2 1.84 1 0.17High (81-100%) 33 2
a Log-rank test used to examine the hypothesis of equivalency of the 2 survival
functions (Pollock et al. 1989).
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Figure 2.5. Kaplan-Meier product limit estimate for nest survival time of 31 first nest 
attempts in relation to age of nests of sharp-tailed grouse in the Peace River region, northeast 
B.C., 2004-2005. Nest survival functions are shown for first nest attempts with (a) low (0- 
29%) and high (30-100%) forb cover, and (b) low (0-60%) and high (61-100%) living cover 
at the nest site. Nest survival time was significantly greater for nests under low levels of forb 
cover, while nest survival time was significantly greater for nests with a higher percentage of 
living cover.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
42
r~,.
• • • •
(0
>
3tn
0-00
V) 0) 
z :
•  High living cover (81-100% )
   95% Cl - High living cover
—o— Low living cover (0-80%)
  95% Cl - Low living cover
o-o-o-o-o-o
0.0
0 105 15 20 25 30 35 40
Nest age (days)
Figure 2.6. Kaplan-Meier product limit estimate for nest survival time of 14 renest attempts 
in relation to age of nests of sharp-tailed grouse in the Peace River region, northeast B.C., 
2004-2005. Nest survival functions are shown for renest attempts with low (0-80%) and 
high (81-100%) levels of living cover at the nest site. Nest survival time was not 
significantly different between high and low levels of living cover at the nest site.
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Discussion
Reproductive Effort and Timing o f Breeding
Approximately 7% of female sharp-tailed grouse captured and monitored in the Peace 
River region did not attempt to nest or failed to be bred. In a study of radio-marked greater 
sage-grouse (Centrocercus urophasianellus), all marked females attempted a minimum of 
1 nest (Aldridge and Brigham 2001). Other reports of gallinaceous species suggest that on 
average over 90% of females mate and attempt to nest (Bergerud 1988a). Renesting was 
common in the study population, as approximately 60% of females that were unsuccessful in 
first nests attempted a renest. Aldridge and Brigham (2001) reported a renesting rate of 36% 
in a population of sage-grouse in Alberta, and Schroeder (1997) suggested an 87% renesting 
rate of sage-grouse in north-central Washington. In more southern areas of the sharp-tailed 
grouse’s range, however, females have been reported to attempt up to 4 nests in a season 
(Connelly et al. 1998). None of the females monitored in the Peace River region had more 
than 2 nest attempts per season, which may be attributable to the constraints of a shortened 
breeding season at higher latitudes (Silverin 1995, Martin and Wiebe 2004).
Nest initiation occurred earlier in 2005 than in 2004 (Table 2.3). Based on field 
observations as well as local weather patterns during the month of April, I speculate that the 
primary cause of earlier nest initiation in 2005 was warmer temperatures and an earlier snow 
melt (Table 2.4). In many ground-nesting birds, including grouse, increases in spring 
temperatures and disappearance of snow cover result in earlier nest initiation dates (Bergerud 
1988a, Bergerud and Gratson 1988, Greenwood et al. 1995, Connelly et al. 1998, Martin and 
Wiebe 2004). Bergerud and Gratson (1988) report that hatching dates of sharp-tailed grouse 
nests in North Dakota and prairie chicken (Tympanuchus cupido) nests in Wisconsin were
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significantly correlated with the amount of April snowfall.
Clutch Size
Mean clutch size of first nests was 12 eggs. This corresponds closely with data from 
other populations of sharp-tailed grouse, as well as other species of grouse (Erikstad et al. 
1985, Arnold 1988, Bergerud 1988a, Svedarsky 1988, Connelly et al. 1998). As expected, 
mean clutch size of renests was significantly smaller than first nests and averaged 9 eggs. In 
many species of upland game birds, smaller clutches are common in renest attempts or in 
nests occurring later in the breeding season (Connelly et al. 1998).
Nest initiation date, female body size (as indicated by the length of the female’s wing 
chord), and egg volume explained the majority of the variation observed in clutch sizes of 
first nests of sharp-tailed grouse in the Peace River region (Table 2.6). The most prominent 
factor affecting clutch size, however, was laying date, with smaller clutches being laid later 
in the season. This relationship has been observed in both waterfowl (Rohwer 1992) and 
galliformes (Erikstad et al. 1985, Bergerud 1988a, Svedarsky 1988, Myberget 1989). The 
ultimate explanation regarding the evolution of this trend, however, remains vague.
Following the hypothesis that egg-production relies primarily on stored nutrient 
reserves, and less so on exogenous sources, the decrease in clutch size with later nesting 
dates may be explained by resource partitioning (Alisauskas and Ankney 1987, Ankney and 
Afton 1988). Primarily, clutch-size formation in waterfowl and galliformes is believed to be 
determined by the endogenous reserves held by the female at the time of clutch initiation 
(Ankney and Afton 1988, Naylor and Bendell 1989, Aldridge and Brigham 2001). Further, 
endogenous reserves are hypothesized to be limited by the structural size of the female
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(Ankney and Maclnnes 1978, Alisauskas and Ankney 1987). It is, therefore, believed that 
females have a limited supply of reserves available for nesting, and that resources are thus 
partitioned between the number and size of eggs, which can be further constrained by 
subsequent nesting attempts (Murphy 1978, Ankney and Afton 1988). Murphy (1978) 
suggested that rather than maximizing the size of the clutch, fitness may be enhanced by 
having fewer, larger chicks later in the season; larger size would increase survival of 
offspring during less favourable environmental conditions. Further, larger chicks hatched 
later in the season would have an increased chance of survival going into the winter season, 
and may be better able to defend higher-quality territories. Assuming resources are limited, 
nesting females may face a trade-off between clutch size and egg size. In the Peace River 
region, it may be advantageous for female sharp-tailed grouse to allocate resources to 
producing larger, heavier eggs and chicks in later nest attempts, rather than allocating 
resources to maximizing clutch size.
Nest Success
Measures of nest success are important predictors of the status of a population and 
provide an indication of annual recruitment (Klett et al. 1988, Greenwood et al. 1995, 
Connelly and Braun 1997). Nearly half of the nests of sharp-tailed grouse monitored in the 
Peace River region were depredated before hatching, with mean nest success of 41% and 
50% in 2004 and 2005, respectively (Table 2.7). These rates of nesting success are 
comparable to other species of prairie grouse (Bergerud 1988a, Aldridge and Brigham 2001). 
Predation was the primary reason for nest loss in my study population, and is an important 
factor for many species of waterfowl and upland game birds (Bergerud 1988a, Reynolds et
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al. 2001). Although predation was the proximate cause of nest failure, the ultimate cause 
may be attributed to vegetation characteristics that influence the detectability of a nest by 
both avian and mammalian predators (Redmond et al. 1982, Gregg et al. 1994, DeLong et al. 
1995). Habitat characteristics at the nest site were the most important variables in 
distinguishing successful and unsuccessful nests of sharp-tailed grouse in the Peace River 
region (Table 2.8, Table 2.9). Specifically, decreased levels of herbaceous cover and 
increased amounts of living vegetative material were associated with greater nest success of 
first nest attempts (Figure 2.5). Similarly, the amount of living material was also positively 
associated with the success rate of renest attempts, although small sample sizes precluded 
extensive analysis of all habitat variables (Figure 2.6, Table 2.10, Table 2.11). The degree of 
concealment at the nest site has been documented to be the most important factor affecting 
whether a nest is successful (Schranck 1972, Bergerud 1988a). As most nests are lost to 
predation events, habitats that maximize cover around a nest site increase the likelihood of 
nest success and reduce the susceptibility of a nest to predation (Connelly and Braun 1997, 
Reynolds et al. 2001).
Although the association between cover provided from vegetation characteristics at 
the nest site and nest success was expected, the trend for greater nest success with reduced 
forb cover was surprising. Because most first nest attempts are initiated prior to new 
vegetation growth (e.g., annual forbs), I suspect that shrub cover, which was positively 
associated with nest success and negatively associated with forb cover (unpublished results), 
is the more biologically important variable. A measure of the extent of shrub cover at the 
nest site was not included in the candidate model set because measurements of cover from 
each vegetation class (shrub, forb, and grass) were highly correlated, and, therefore, limited
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
47
the inclusion of the shrub cover variable in the logistic regression analysis. The importance 
of shrub cover is well documented for many species of prairie grouse (Wallestad and Pyrah 
1974, Gregg et al. 1994), specifically in sage-grouse, where sagebrush is an important 
determinant of nest success. Artificial sage-grouse nests had a greater probability of survival 
with increased cover of tall grasses and medium-sized shrubs (DeLong et al. 1995).
Similarly, dwarf woody vegetation was an important factor in the high nest success rates 
observed in spruce grouse in New Brunswick, and a lack of this vegetation was likely the 
reason for extremely low nest success rates observed in Alberta (Redmond et al. 1982). 
Further, sage-grouse nests in Oregon were significantly less likely to be depredated when 
associated with medium-sized shrubs and tall, residual grasses, suggesting the importance of 
vegetation complexity in providing sufficient cover for evading nest predators (Gregg et al. 
1994). Of the 3 vegetation classes I measured, shrubs provided the greatest amount of 
vertical or overhead cover, suggesting that nests with a high percentage of shrubs also had 
the greatest overhead concealment. At higher latitudes, ground-nesting birds generally 
initiate nests prior to spring green-up. Therefore, cover provided from woody vegetation is 
of the utmost importance to avert nest depredation prior to the development of new foliage, 
which provides optimal cover qualities later in the season.
In addition to shrub cover, residual vegetative cover is important for nest success and 
nest-site selection of grouse, as it provides critical cover for early season nests (Kirsch et al. 
1978, Gregg et al. 1994, Prose et al. 2002). My results, however, suggest that greater nest 
success was associated with increased living cover at the nest (Figure 2.5b). There are two 
possible explanations for this trend. First, to avoid increased stress to the nesting female and 
to reduce the amount of activity at the nest, I measured all habitat variables, including the
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amount of vegetative cover, after the nest had hatched or on the expected hatching date (if 
the nest had been depredated). The mean hatching date of first nests was between 11 June 
and 14 June, which, at this time of year, new annual vegetation is present, and likely 
represents the maximum availability of seasonal cover, rather than the cover experienced at 
the start of nest initiation. To assess the importance of residual vegetation for nest success, 
especially for early-season nests, vegetation characteristics should be measured at the 
beginning of the nesting season to accurately represent early-nest habitat conditions (e.g., the 
lack of cover from green foliage; Prose et al. 2002). The trend of greater nest success with 
more living cover, however, may be attributed to the ability of females to effectively select 
nest sites, prior to green-up, that provide maximum concealment later in the nesting period 
(Badyaev 1995). This, however, is a little counterintuitive. Nests are generally more prone 
to predation early in the nesting season when females are less attentive during laying and 
nests are exposed (Dwemychuk and Boag 1972, Sugden and Beyersbergen 1987); thus it 
would seem more important to maximize cover early in the nesting period as opposed to later 
when foliage is abundant.
Interestingly, the amount of living material present at the nest was also the most 
important factor affecting nest success of renest attempts (Table 2.10, Table 2.11). Initially, 
this trend was surprising because renests are initiated later in the season, and are thus not as 
reliant on residual vegetation for concealment. This, however, may again represent the 
ability of the female to select an appropriate nest site given the available conditions. Renests 
were generally initiated between 30 May and 7 June, and hatched between 3 July and 14 
July. At this point, most vegetation communities are at maximum growth and cover is 
widely available. Therefore, females selecting sites with less living material or more residual
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cover may have a lower probability of survival because predators may cue in on and develop 
a search image for these less suitable areas (Sugden and Beyersbergen 1986).
Conclusions
In the Peace River region, sharp-tailed grouse have not been previously studied and 
relatively little is known regarding the expansion and colonization of the species to this 
region (Leupin 2003). Sharp-tailed grouse are not widely distributed across the Peace River 
region, but are abundant in areas dominated by past and present agricultural land-uses that 
mimic the natural prairie habitat. The past development of agriculture in the region may, in 
part, be responsible for the presence and expansion of sharp-tailed grouse in the region. As 
lands are continually converted to agricultural uses, however, the shrub-steppe complexes 
critical to nesting sharp-tailed grouse are becoming fewer as well as increasingly isolated.
Nest success rates, while comparable to other species of prairie grouse, were low for 
sharp-tailed grouse in the Peace River region. Although the nesting period is only one 
component of the breeding season, I hypothesize that the decline of sharp-tailed grouse 
populations in the Peace River region is likely, at least in part, attributable to poor nesting 
success. As discussed above, habitat characteristics, such as cover provided by shrubs and 
new vegetation, are critical in influencing nest success by concealing nests from potential 
predators. Low nesting success may be a result of: (1) a lack of habitat suitable for sharp- 
tail nests; (2) high predator densities; or (3) a combination of insufficient habitats to evade 
predation.
In the Peace River region, predators of nests of sharp-tailed grouse include common 
ravens (Corvus corax), American crows (Corvus brachyrynchos), black-billed magpies (Pica
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pica), coyotes (Canis latrans), red foxes (Vulpes vulpes) as well as members of the mustelid 
family (Connelly et al. 1998; A. Goddard, personal observations). Nearly all nest losses in 
the Peace River region were due to predation. Based on egg and nest remains, I could not 
identify nest predators with the exception of classifying avian and mammalian predation 
when remains of eggshells were observed. The predominance of coyotes and a strong 
presence of corvid species associated with the agricultural land-use in the Peace River region 
likely contributed to the high depredation rates on sharp-tail nests. Thus, given the predator 
community and the rates of nest predation, overhead and lateral cover provided by shrub- 
dominated vegetation communities are critical habitat requirements that can contribute to 
greater nest success.
Management directions, specific to the nesting season, should be aimed at providing a 
suitable abundance of shrub-steppe complexes across the Peace River region to increase nest 
success of sharp-tailed grouse. Management guidelines should be directed at increasing 
these important habitat complexes, but also to measure the success of sharp-tailed grouse 
nests to ensure that “sink” habitats are not created (Garshelis 2000). In addition, continued 
research should attempt to quantify nest success over the long-term to account for potential 
year-to-year variability, which may be influenced by environmental factors such as weather 
events, extreme insect populations (e.g., grasshoppers), or agricultural activities that may not 
represent average conditions.
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C h a p t e r  3: S u r v iv a l  o f  N e o n a t e  S h a r p -t a il e d  G r o u s e  ( T y m p a n u c h u s  
PHASIANELLUS) IN NORTHEASTERN BRITISH COLUMBIA
A bstract
Success during the reproductive season is often the most important factor limiting 
population growth of sharp-tailed grouse (Tympanuchus phasianellus), and although nesting 
success is an important determinant of overall reproductive success, the number of offspring 
that survive to independence also influences annual population trends. I examined the 
success of broods and the survival of offspring to 35 days of age in a population of sharp­
tailed grouse near Fort St. John, British Columbia during 2004 and 2005. I radio collared 
and monitored 74 female sharp-tailed grouse captured using walk-in traps at multiple lek 
locations during 2 consecutive breeding seasons. Broods were flushed on a weekly basis to 
determine brood presence or absence and to estimate the number of chicks alive at each age 
interval. Using logistic regression and analysis of variance models, and an information- 
theoretic approach, I assessed the importance of female attributes and weather conditions 
experienced prior to hatching and during brood-rearing on the survival of offspring and 
broods to independence. Over the 2 study years, brood success was 75%, but the survival of 
chicks to 35 days was only 35%. None of the variables measured were important predictors 
of brood success. The distance travelled by a brood and inclement weather conditions during 
the first week post-hatching, however, reduced chick survival. Further, inclement weather 
prior to hatching was positively related to the survival of offspring, which likely created 
favourable habitat conditions later in the season, such as foraging environments and cover 
characteristics.
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Introduction
Success during the nesting period is commonly discussed as the most important factor 
affecting reproductive success and population growth in birds. Offspring survival after 
leaving the nest, however, is a critical element of population viability and in the management 
and production of species (Blums et al. 2002, Aldridge and Brigham 2003, Panek 2005). 
Although little information exists regarding the factors affecting survival of precocial 
offspring, largely because of the difficulty in accurately measuring survival of chicks and 
determining sources of mortality in secretive and mobile species (Johnson et al. 1992,
Rotella and Ratti 1992), survival is often most influenced by 3 factors: (1) chilling from 
inclement weather or poor female attentiveness; (2) predation; and (3) starvation (Bergerud 
1988a, Johnson et al. 1992, Hoekman et al. 2004).
In precocial species such as grouse, chicks are susceptible to environmental 
conditions because of their inability to thermoregulate until approximately 8 days of age 
(Erikstad and Spidso 1982). Poor weather conditions experienced during the hatching period 
can result in high mortality of chicks and even complete brood loss (Flanders-Wanner et al. 
2004), in addition to indirectly affecting the abundance and availability of insects, which are 
the primary food source of gallinaceous chicks through the first week of life (Erikstad 1985). 
Chicks will often starve during poor weather conditions, as cool and wet weather results in 
increased time spent brooding and, therefore, less time spent foraging (Erikstad and Spidso 
1982, Erikstad 1985).
Habitat conditions can also affect survival of chicks by creating suitable foraging 
environments and high-quality cover characteristics that allow them to avoid predation 
(Bergerud 1988a, Hagen et al. 2005). Predation is likely the ultimate cause of most offspring
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mortality. For example, Pietz et al. (2003) reported that 86% of duckling mortality was 
attributed to predators, while Riley et al. (1998) found that greater than 85% of offspring 
mortality in ring-necked pheasants (Phasianus colchicus) could be attributed to mink 
(Mustela vison), weasel (Mustela erminea), and red fox {Vulpes vulpes). Ground predators 
are important sources of mortality during the period before chicks can fly (Bergerud 1988a). 
Identification of predators and estimating losses due to predation, however, is often difficult 
to determine because carcasses of chicks are rarely found (Bergerud 1988a).
Sharp-tailed grouse {Tympanuchus phasianellus) populations occurring in the Peace 
River region of northeast British Columbia are thought to have been decreasing over the past 
several decades. The cause of this decline, however, is unknown as there are no survey or 
census data relative to population numbers (R. Backmeyer, Fort St. John, personal 
communication). Offspring survival in this area is unknown, and in order to determine the 
underlying causes of this decline, my objective was to estimate survival rates of offspring, 
and determine the factors influencing variation in reproduction success of sharp-tailed grouse 
in the Peace River region. My specific objectives were to: (1) measure the success of sharp­
tailed grouse broods and determine the influence of both physiological and environmental 
factors on brood success to independence; (2) determine a conservative measure of the 
proportion of sharp-tailed grouse chicks surviving to independence; and (3) identify the 
importance of female body condition, egg volume, weather conditions, brood size, hatching 
date, and brood movements on survival of offspring.
Study Area
The study area consisted of a 320-km2 area located approximately 35 km southeast of
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Fort St. John, British Columbia (refer to Figure 1.1) and encompassed the upland areas and 
river breaks at the confluence of the Beatton and Peace Rivers (56° 11 ’ N, 120°25’ W, ca 
600 m elevation). The study area was located in the Aspen Parkland Ecoregion (Meidinger 
and Pojar 1991), however, much of the area had been converted to agricultural land use 
including cereal crops, a variety of hayfield crops, and pastureland for livestock. Aspen 
(Populus tremuloides) forests, mixed aspen-white spruce (Picea glauca) forests, and black 
spruce (Picea mariana) muskeg bogs were common in the upland natural areas. Along the 
south- and west-facing river breaks, there was a strong influence of natural shrub and 
grassland communities. Sharp-tailed grouse were reasonably abundant, and multiple lek 
sites existed in the study area.
Methods 
Field Techniques
During April and May of 2004 and 2005,1 trapped sharp-tailed grouse on 9 different 
leks throughout the study area using walk-in traps (Schroeder and Braun 1991). I used head- 
and tail-feather patterns to distinguish female and male grouse, and the shape and degree of 
fraying of the ninth and tenth primary feathers to determine age of the bird (adult vs. 
juvenile; Bihrle 1993). All birds captured were fitted with individually numbered aluminium 
leg bands, and females were fitted with 15-g, necklace-style radio transmitters (Model RI- 
2BM, Holohil Systems Ltd, Carp, ON), representing approximately 1 to 2% of an average 
female’s mass (Bergerud 19886, White and Garrott 1990). Radios were capable of 
transmitting signals for 24 months and were equipped with an inactivity switch for 
determination of mortality. In addition to marking the birds with radio collars and leg bands,
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I recorded mass and length of the wing chord for each bird. I calculated an index of female 
body condition by regressing mass against wing-chord length using the Reduced Major Axis 
(RMA) method (Green 2001). Residuals generated from the regression represented an index 
of female body condition for all further analyses. Daily weather data for the study period 
were obtained from the Environment Canada weather station at the Fort St. John Airport 
(Environment Canada 2006), located approximately 35 km northwest of the study area.
Details of methods used to locate nests and measure variables such as clutch and egg 
size have been presented elsewhere (see Chapter 2). I estimated the survival of chicks by 
periodically flushing females and their broods. To reduce disturbance to broods, I performed 
these flush counts on a weekly basis, as opposed to daily counts (Haulton 1999, Aldridge and 
Brigham 2002, Hagen et al. 2005). Because chicks are flightless at 7 days of age and rely on 
surrounding vegetation for concealment (Hagen et al. 2005), I located the female and brood 
early in the morning to increase the likelihood of finding the female while she was actively 
brooding the chicks. This allowed for a count of the number of chicks present with the 
female and confirmation of brood presence. To reduce the impacts of weather on chick 
mortality, I did not flush broods at the 7-day interval in the occurrence of rain and cool 
weather. After the 7-day interval, broods can be flushed and chicks counted based on their 
flight (Haulton 1999). Flush counts represent a minimum estimate of the proportion of 
chicks surviving because not all chicks may be observed. I assumed that chicks not observed 
during a flush count were dead, and, therefore, all analyses of the proportion of chicks 
surviving represent the most conservative estimate of the number of chicks alive. I flushed 
broods in such a way as to increase the likelihood of the chicks escaping to cover, rather than 
flushing them into more open and potentially more susceptible habitats. If chicks did not
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flush, but the female behaved as though chicks were present, I recorded the brood location 
and considered that the brood was present. If behavioural patterns of females between 
sightings became erratic and the female exhibited large-scale movements, I assumed that the 
brood had been lost (Pietz et al. 2003). I confirmed complete brood loss by flushing the 
female at the next scheduled flush count. I did not determine specific mechanisms of brood 
mortality, as causes of brood mortality are difficult to identify (Svedarsky 1988). If female 
mortality occurred after the brood was 14 days old, I censored broods from analyses as brood 
survival or mortality could not be confirmed without the radio-marked female.
I estimated brood survival for 5 weeks, at which time chicks were 35 days old.
Beyond 35 days of age, the likelihood of chick dispersal from the brood increases, and 
quantifying brood survival beyond this age may provide biased information as dispersal 
could be mistaken as chick mortality. I used two measures of offspring survival in my 
analyses. First, I examined overall brood success, which I defined as a minimum of one chick 
alive from the brood at the end of 35 days. Second, for each brood I estimated the proportion 
of chicks surviving to 35 days. I recognize that given the secretive nature of this species, 
however, these estimates are conservative and represent the lowest possible measure of the 
proportion of chicks surviving. Nonetheless, I feel these methods are an appropriate 
compromise that will allow collection of robust data on survival, while not influencing 
mortality of offspring.
Data Analyses
Brood Success. I quantified the proportion of broods that were successful (i.e., had 1 
chick alive) at chick independence (35 days of age) to provide a measure of overall brood
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success. I used logistic regression (Hosmer and Lemeshow 2000) to quantify the effects of 
independent variables on brood success, where brood success was the dichotomous 
dependent variable, with broods categorized as either successful (1) or unsuccessful (0) 
based on a minimum of 1 chick alive at 35 days of age. As no female had 2 broods in one 
season, I was able to use broods from both first nest and renest attempts without committing 
pseudoreplication. I generated a candidate model set using a priori knowledge of the species, 
field observations, and biological rationale to justify the inclusion of variables or 
combination of variables that potentially influence brood success (Table 3.1). Candidate 
models included 4 variables: female body condition, hatching date, mean distance the brood 
travelled from the nest site, and initial size of chicks (represented by egg volume). I tested 
each of my candidate models to ensure there were no violations of the assumptions of 
logistic regression. I used the Box-Tidwell transformation for each independent variable to 
test for linearity between the independent variable and the logit (Hosmer and Lemeshow 
2000, Menard 2002). I used Pearson’s correlations and variance inflation factors (VIF) to 
test for collinearity between all independent variables (Chatterjee et al. 2000, Menard 2002).
I assumed collinearity was present if correlation coefficients were greater than an absolute 
value of 0.6 and multicollinearity was apparent if VIF values were greater than 10 or if mean 
VIF values were larger than 1 (Chatterjee et al. 2000). I assessed outliers by visually 
inspecting standardized residuals. Menard (2002) suggests 99% of the cases in each model 
should have standardized residual values between -2.58 and +2.58. Cases with values 
greater or less than 2.58 were removed from the data set before analysis.
I used an information-theoretic approach to assess which candidate models were best 
at explaining variation in success of sharp-tailed grouse broods in the study population. Due
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Table 3.1. A priori candidate model set used for modeling factors influencing brood success
o f 19 sharp-tailed grouse broods in the Peace River region, northeast B.C. (2004-2005).
Model
number Model components
1 Female body condition + egg volume
2 Female body condition + distance moved from the nest
3 Female body condition + hatching date
4 Female body condition
5 Hatching date
6 Distance moved from the nest
7 Female body condition + egg volume + distance moved from the nest + 
hatching date
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to overdispersion in the data, I calculated the quasi-Akaike’s Information Criterion (QAICc), 
corrected for small sample sizes (Burnham and Anderson 1998). I used AQAICc values to 
rank competing models to determine which of the candidate models best described the data.
I calculated Akaike weights (w,) for each candidate model to assess the probability that a 
given model was the best model from the candidate set (Bumham and Anderson 1998, 
Anderson et al. 2000). In the occurrence of model competition (i.e., one model cannot 
confidently explain the data better than other candidate models), I considered all models with 
AQAICc values < 2.0 (Bumham and Anderson 1998).
To assess the fit of each model, I used likelihood ratio x2-statistics (Hosmer and 
Lemeshow 2000), and to assess predictive accuracy of each model, I used Receiver 
Operating Characteristic (ROC) estimates of the area under the curve (Hosmer and 
Lemeshow 2000, Aldridge 2005). ROC estimates of the area under the curve are most 
appropriate for models in which presence and absence can be ascertained (Fielding and Bell 
1997). Because of the nature of my analysis and the ability to correctly determine brood 
success or failure, ROC is an appropriate method for assessing predictive accuracy of logistic 
regression models. ROC values between 0.7 and 0.8 indicate acceptable predictive accuracy, 
values between 0.8 and 0.9 indicate excellent predictive accuracy, and values greater than 0.9 
suggest outstanding accuracy (Hosmer and Lemeshow 2000). Models with a ROC value less 
than 0.5 suggest the model’s predictive accuracy is no better than random (Hosmer and 
Lemeshow 2000).
To incorporate the effects of time on brood success, I used the Kaplan-Meier product- 
limit estimator with staggered entry to estimate brood survival functions (Pollock et al.
1989). Cox regression analysis could not be used to test for the effects of continuous
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explanatory variables due to sample size issues. Therefore, I used a log-rank test to 
determine if there were significant differences in brood survival functions, generated by the 
Kaplan-Meier procedure, between categories of each measured explanatory variable (Pollock 
et al. 1989). I divided each of 6 independent variables into 2 categories to define high and 
low levels of each continuous variable. Variables included in the Kaplan-Meier analysis of 
brood survival time included year, female age, female body condition, nest attempt, brood 
size at hatching, the mean distance travelled by the brood between flush counts, the mean 
distance travelled by the brood from the nest site, hatching date, and female body size (wing 
chord length was used as a measure of body size; Table 3.2). A total of 27 broods were used 
for the Kaplan-Meier analyses. I censored broods from the analysis if the female was killed 
between 14-35 days of brood age, as chicks may survive without the female at this age.
Brood presence or absence could not be determined, however, without the radio-marked 
female. Broods were censored at the time of female death or at the brood age of 35 days in 
the case of successful broods.
Chick Survival. I defined chick survival as the proportion of chicks in a brood surviving 
from hatching to independence (35 days of age). 1 included only broods that had a minimum 
of 1 chick alive at 35 days of age to remove any effects of exposure time on the explanatory 
variables being tested, and also because the factors affecting complete brood loss (i.e., brood 
success) are theorized to be different than factors influencing chick attrition over time. For 
example, broods alive for a longer period of time are more likely to move longer distances 
because they had more time to do so. Analysis of the distance travelled may, therefore, 
incorrectly suggest that broods moving greater distances were associated with greater 
survival. I calculated the mean proportion of chicks surviving to 35 days based on flush
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Table 3.2. Categories used for comparison o f brood survival functions with the Kaplan-
Meier product-limit estimator procedure (Pollock et al. 1989) for broods o f sharp-tailed
grouse in the Peace River region, northeast B.C. (2004-2005).
Category values
Variable Group 1 Group 2
Female body condition Residuals < 0 Residuals > 0
Brood size at hatching 6-10 chicks 11-13 chicks
Mean distance travelled3 Residuals < 0 Residuals > 0
Mean distance travelled from nest siteb Residuals < 0 Residuals > 0
Julian hatching date 158-169 170-202
Female body size (wing chord length)
a.b i < i .■ c  . i  >• .
<210 mm > 210 mm
a' I regressed both measures of the distance travelled by a brood on the number
of days the brood was alive to account for the effects of the length of exposure.
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count estimates from each age interval and initial brood size recorded at successfully hatched 
nests. I determined initial brood size by examining the egg remains of successful nests 
immediately after hatching (Klett et al. 1986).
I calculated the proportion of chicks surviving in each brood as a measure of chick 
survival, and summarized survival during 2 time periods: (1) from hatching to 14 days of 
age; and (2) from 15 to 35 days of age, because food and thermoregulatory requirements of 
chicks during these 2 stages of development are dissimilar (Erikstad 1985, Bergerud 1988a).
I then tested for differences in the proportion of chicks surviving between years and nest 
attempts using an independent samples /-test (Sokal and Rohlf 2001), and compared the 
mean proportion of chicks surviving from 0 to 14 days and 15 to 35 days of age using 
Welch’s approximate /-test (Sokal and Rohlf 2001).
To determine which factors influenced chick survival, I modeled the proportion of 
chicks surviving to 35 days of age. My candidate model set included measures of weather 
from 3 periods hypothesized to influence chick survival: (1) pre-hatching weather 
conditions; (2) weather conditions during the first 7 days of life; and (3) weather conditions 
from 8 days of age to independence. I hypothesized that weather conditions experienced 
10 days prior to hatching would indirectly affect the proportion of chicks surviving by 
influencing insect abundance and availability, and habitat conditions, later in the brood- 
rearing period (Flanders-Wanner et al. 2004). Weather experienced during the first 7 days of 
life and from 8 days of age to independence would directly affect chick survival through 
exposure to cold and wet conditions, by affecting insect abundance and availability, and 
influencing habitat conditions during times critical to maximizing growth and development 
of chicks. I included the distance travelled by a brood during the first 7 days after hatching
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to determine if excessive movement during this critical period of development resulted in 
increased exposure and greater chick mortality. Due to correlations among the 3 weather 
variables (mean daily temperature, mean daily rainfall, and total rainhours) during each of 
the 3 time periods of interest, I used Principal Components Analysis (PCA) to generate 
1 variable from the 3 weather variables. The first principal component (PCI) explained 
61.2% of the variation, an acceptable value for 3 eigenvalues (Frontier 1976, Jackson 1993).
I averaged PCI values for each time period of interest for each brood (10 days pre-hatching, 
0-7 day interval, and 8-35 day interval). The first principal component was positively 
correlated with mean daily rainfall (r = 0.94, n = 211) and total rainhours (r = 0.94, n = 211), 
and was negatively related to mean daily temperature (r = -0.25, n=  211). Therefore, 
positive PCI values generally represented cool and wet weather conditions.
To determine which candidate models best explained variation in the proportion of 
chicks surviving to independence, I tested each model using a Type III Sums of Squares 
ANOVA test (Sokal and Rohlf 2001; Table 3.3), and I compared models using quasi- 
Akaike’s Information Criterion (QAICc) for small sample sizes and overdispersion in the 
data (Burnham and Anderson 1998). All independent variables were tested for collinearity 
using Pearson correlation (Menard 2002) and VIF (Chatterjee et al. 2000). I examined model 
fit using the coefficient of determination (Sokal and Rohlf 2001). I excluded all broods that 
had missing information for each of the explanatory variables to ensure a consistent sample 
size between candidate models (n =15). I conducted all statistical analyses using SPSS 
12.0.1 (SPSS 2003) and Intercooled Stata 9.2 (STATA 2005), with a significance level of 
P < 0.05. I report means ± 1 standard error.
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Table 3.3. Candidate model set used in the analysis o f the proportion o f chicks surviving from hatching to independence (35 days of
age) for sharp-tailed grouse in the Peace River region, northeast B.C., 2004-2005.
Model
number Model components
1 Distance travelled from the nest
2 Pre-hatching weather conditions
3 Weather during 0-7 day interval
4 Weather during 8-35 day interval
5 Distance travelled from the nest + weather during 0-7 day interval
6 Distance travelled from the nest + weather during 8-35 day interval
7 Distance travelled from the nest + pre-hatching weather conditions
8 Weather during 0-7 day interval + weather during 8-35 day interval
9 Distance travelled from the nest + pre-hatching weather conditions + weather during 0-7 day interval + weather 
during 8-35 day interval
as
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Results 
Brood Success
Brood success, estimated as the proportion of broods with a minimum of 1 chick 
alive at 35 days of age, was 0.75 ± 0.09 (n = 24) over 2004-2005. Brood success was not 
significantly different between years, nor was it different between first or renest attempts 
(Table 3.4). Mean brood success was lowest during the 0-7 day interval (0.89 ± 0.06) and 
was greatest in the intervals of 15-21 days and 29-35 days of age (1.00 ± < 0.01; Figure 3.1). 
Complete brood loss, where no chicks remained alive at 35 days of age, occurred in 6 broods 
(74 chicks; 39.78% of all chick mortality) over the 2 years, with 3 broods lost in the first 7 
days post-hatching, and an additional 3 broods lost between hatching and 14 days of age. 
Complete brood loss for these latter 3 broods could not be confirmed until the second flush 
count because chicks were not observed at the 7-day flush count, but the females behaved in 
a manner to suggest that chicks were present. It is, therefore, possible that complete brood 
loss occurred in either of the age intervals, and was only confirmed at 14 days of age.
Among the 7 candidate models explaining variation in brood success, the top-ranked 
model, which included female body condition, had the strongest support (Akaike 
weight = 0.40; Table 3.5). Due to model competition, however, I considered both models 
with AQAICc values <2.0 for my inferences of brood success, which suggests that female 
body condition and hatching date explained the most variation in brood success. None of the 
individual variables were significant (P > 0.05; Table 3.6). Similarly, these 2 top-ranked 
models had poor fit (P > 0.10) and only low to acceptable predictive accuracy (Table 3.5).
Using the Kaplan-Meier product-limit estimator, I compared survival functions 
between categories of each independent variable hypothesized to influence brood survival
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Table 3.4. Comparison of brood success between each year and nest attempt for sharp-tailed
grouse broods in the Peace River region, northeast B.C., 2004-2005.
Brood success3
Variable X SE Statisticb n P-value
Year
2004
2005
0.67
0.78
0.21
0.10 0.28 24 0.59
Nest attempt
First nests 0.74 0.10 0.09 24 0.77Renests 0.80 0.20
3 Brood success is defined as the proportion of broods with a minimum 
of 1 chick alive at 35 days of age. 
b G-statistic from the G-test of independence.
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Figure 3.1. Mean brood success (defined as the proportion of broods with a minimum of 1 
chick alive per brood) for each age interval of sharp-tailed grouse broods in the Peace River 
region, northeast B.C. (2004-2005). Error bars represent standard errors (SE) of the means 
and the number of broods monitored in each of the age intervals is given above each bar.
n = 27
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n = 24
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Table 3.5. Quasi-Akaike’s Information Criterion (QAICc), AQAICc, Akaike weights (w,), likelihood ratio test statistics for model 
goodness-of-fit (and associated P-values), and area under the Receiver Operating Curve (ROC) with associated standard error for each 
logistic regression candidate model assessing brood success of sharp-tailed grouse, Peace River region, northeast B.C. (2004-2005). 
Sample size was consistent between all candidate models (n = 19).
Model structure Ka QAICc AQAICc w;b
Model LR y2 
y2 df P-value
Accuracy 
ROCc SE
Female body condition 3 32.76 0 0.40 2.65 1 0.10 0.74 0.13
Hatching date 3 33.92 1.15 0.23 1.69 1 0.19 0.65 0.13
Female body condition + hatching date 4 35.24 2.48 0.12 3.30 2 0.19 0.78 0.13
Mean distance travelled from the nest 3 35.82 3.05 0.09 0.10 1 0.76 0.46 0.13
Female body condition + egg volume 4 35.95 3.18 0.08 2.71 2 0.26 0.77 0.13
Female body condition + mean distance travelled from 
the nest
4 36.02 3.26 0.08 2.65 2 0.27 0.74 0.13
Female body condition + egg volume + mean distance 
travelled from the nest + hatching date
6 43.33 10.57 <0.01 3.35 4 0.50 0.80 0.13
aThe number of parameters in the model included the explanatory variable(s), the constant term from the logistic regression model, 
and the variance inflation factor for calculation of QAICc (Burnham and Anderson 1998).
b Generalized Akaike weights that can be interpreted as the relative degree of certainty associated with each model. 
c Area under the receiver operating curve is used as a measure of model predictive accuracy.
Osoo
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Table 3.6. Coefficient (/?, ± SE) and odds ratio (± SE) estimates for the top-ranked quasi- 
Akaike’s Information Criterion (AQAICc < 2.0) logistic models and their associated variables 
used in characterizing brood success of sharp-tailed grouse in the Peace River region, 
northeast B.C. (2004-2005). Models are arranged based on the AQAICc rankings as 
summarized in Table 3.5. Sample size for all models was n = 19.
Models and variables Pi SE Odds ratio SE P-value
Female body condition
Female body condition -0.02 0.02 0.98 0.02 0.15
Hatching date
Hatching date 0.08 0.07 1.08 0.07 0.26
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time. There were no significant differences in survival time between different levels of each 
of the variables tested (Table 3.7). The small sample of broods and the small number of 
failures occurring in some of the categories likely restricted my ability to detect biologically 
significant predictors of brood survival time using the Kaplan-Meier procedure.
Chick Survival
Mean chick survival was relatively low (0.35 ± 0.07, n = 22) despite the fact that 75% 
of broods were successful. Chick survival did not differ between years (Table 3.8), nor did it 
differ between nest attempts (t = -0.55, df = 20, P = 0.59). The proportion of chicks 
surviving was similar between the first 2 weeks post-hatching and during the 15-35 day 
interval (t = -1.96, Welch’s df = 33.42, P -  0.06; Table 3.9). Chick survival through the 0- 
14 day interval was not significantly different between 2004 (0.55 ± 0.19, n = 6) and 2005 
(0.52 ± 0.11, n = 15; t = 0.12, df = 19, P -  0.90). Chick survival in the 15-35 day interval 
was also not different between years (2004: 0.89 ± 0.05, n = 3; 2005: 0.71 ± 0.08, n = 10; 
t = 1.26, df = 11, P = 0.23). Sample size of the proportion of chicks surviving in 2004, 
however, was small. Over the 2 study years, a total of 283 chicks were hatched from 
27 nests in the Peace River region. Only 97 of those chicks were confirmed to survive to 
35 days of age, for an average of 3.59 ± 0.71 (n = 27) chicks per successfully nesting female.
Four candidate models, tested for their influence on the proportion of chicks 
surviving, had AQA1CC scores < 2.0. The top 3 models, (1) weather conditions experienced 
10 days prior to hatching, (2) weather conditions during the first 7 days post-hatching, and 
(3) distance travelled, however, had much better model fit and greater Akaike weights than 
did the fourth ranked model (Table 3.10).
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Table 3.7. Results o f the Kaplan-Meier analysis comparing brood survival functions of
categories o f variables hypothesized to influence brood survival time for sharp-tailed grouse
broods in the Peace River region, northeast B.C., 2004-2005.
Survival time (days)
Variable X SE x2a df P-value
Year
2004 30 3 0.09 1 0.762005 29 3
Nest attempt
First nests 29 2 0.19 1 0.67Renests 30 5
Female age
Juvenile 30 3 0.42 1 0.52Adult 28 3
Female body condition
Poor (Condition Values < 0) 32 3 1.93 1 0.16Good (Condition Values > 0) 26 3
Brood size
Small (6-10 chicks) 33 2 1.42 1 0.23Large (11-13 chicks) 35 4
Mean distance travelled
Short (Residuals < 0) 29 3 0.14 1 0.71Long (Residuals > 0) 30 2
Mean distance travelled from the nest
Short (Residuals < 0) 28 3 0.18 1 0.67Long (Residuals > 0) 30 3
Hatching date
Early (158-169) 27 3 1.10 1 0.29Late (170-202) 31 4
Female body size (wing chord length)
Small (198-209 mm) 27 4 0.74 1 0.39Large (210-219 mm) 31 3
a Log-rank test used to examine the hypothesis of equivalency of the 2 survival functions 
(Pollock et al. 1989).
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Table 3.8. Brood and chick survival estimates for sharp-tailed grouse in the Peace River Region, northeast B.C., 2004-2005. Data for
first and renest attempts have been combined.
Variable
2004
3c SE
2005 
5c SE t df P-value
Mean initial brood size3 9.14 1.16 10.94 0.47 -1.74 23 0.09
Mean chick survival15 0.45 0.17 0.32 0.07 0.93 20 0.36
Mean number of chicks surviving to 35 days per successful 
female0
3.86 1.65 3.50 0.79 0.22 25 0.83
Mean number of chicks surviving to 35 days per successful broodd 6.75 1.75 5.00 0.85 0.95 16 0.36
3 Mean number of chicks hatched per brood.
b Mean proportion of chicks surviving to 35 days, excluding 5 broods (3 where death of females occurred and chick survival was 
unknown, and 2 where initial brood size was unknown). 
c A successful female is defined as any female that successfully hatched a nest. 
d Excludes broods where complete brood loss occurred.
to
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Table 3.9. Chick survival estimates during early (0-14 days o f age) and late (15-35 days of
age) periods of chick development for sharp-tailed grouse in the Peace River region,
northeast B.C., 2004-2005.
Chick survival
Age interval X SE n
0-14 days 0.53 0.09 21
15-35 days 0.75 0.06 13
Overall survival21 to 35 days 0.35 0.07 2 2 b
a Overall survival was calculated as the mean of the 
proportion of chicks alive at 35 days.
b Excludes 2 broods with an unknown clutch size at 
hatch, and 3 broods that had unknown chick survival 
because of female mortality.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
R
eproduced 
with 
perm
ission 
of the 
copyright 
ow
ner. 
Further 
reproduction 
prohibited 
w
ithout 
perm
ission.
Table 3.10. Quasi-Akaike’s Information Criterion (QAICc), AQAICc, Akaike weights (w,), and if-squared values for each analysis of 
variance candidate model examining the proportion of chicks surviving to 35 days of age for sharp-tailed grouse in the Peace River 
region, northeast B.C., 2004-2005. Sample size was consistent among all candidate models (n = 15).
Model structure Ka QAICc AQAICc w,b R2c
Pre-hatching weather 4 10.69 0 0.27 0.32
Weather during 0-7 day interval 4 10.87 0.18 0.25 0.29
Distance travelled from the nest during 0-7 day interval 4 11.24 0.54 0.20 0.21
Weather during 8-35 day interval 4 12.12 1.43 0.13 <0.01
Distance travelled from the nest during 0-7 day interval + pre-hatching weather 5 13.89 3.19 0.05 0.54
Distance travelled from the nest during 0-7 day interval + weather during 0-7 day 5 14.27 3.57 0.04 0.49
interval
Weather during 0-7 day interval + weather during 8-35 day interval 5 15.10 4.41 0.03 0.36
Distance travelled from the nest during 0-7 day interval + weather during 8-35 day 5 15.72 5.03 0.02 0.25
interval
Distance travelled from the nest + pre-hatching weather + weather during 0-7 day 7 26.14 15.45 <0.01 0.65
interval + weather during 8-35 day interval
a The number of parameters in the model included the explanatory variable(s), the intercept and the error term from the analysis of 
variance (ANOVA) model, and the variance inflation factor for calculation of QAICc (Burnham and Anderson 1998). 
b Generalized Akaike weights that can be interpreted as the relative degree of certainty associated with each model. 
c Analysis of variance coefficient of determination.
' j
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Weather conditions occurring 10 days prior to hatching was the top-ranked AQAICc 
model, but had relatively low Akaike weight (w, = 0.27). The competing models collectively 
included 3 variables, each of which affected chick survival differently. The distance 
travelled by a brood negatively affected chick survival, suggesting that broods that made 
longer movements during the first 7 days were associated with greater chick mortality (F = 
3.54, df = 1,13, P = 0.08). Similarly, increasingly inclement weather conditions experienced 
during the first 7 days after hatching were also negatively associated with the proportion of 
chicks surviving to 35 days (F=  5.22, df = 1,13, P = 0.04; Figure 3.2b). Increasingly 
inclement weather conditions, however, prior to hatching were positively associated with 
chick survival (F= 6.09, df = 1,13, P = 0.03; Figure 3.2a).
Discussion
Approximately 75% of sharp-tailed grouse broods in the Peace River region had at 
least 1 chick alive at independence in 2004 and 2005; this estimate was high compared to 
other estimates of brood success reported in studies of upland game birds and waterfowl. 
Success estimates of mallard (.Anas platyrhynchos) broods ranged from 34 to 70% over 
different years, and averaged approximately 49% (Rotella and Ratti 1992). Conversely, 
brood success of gadwalls was approximately 84% to 30-days of age (Pietz et al. 2003). The 
first 14 days after hatching are the most critical for precocial offspring (Bergerud 1988a, 
Myrberget 1988, Guyn and Clark 1999, Gendron and Clark 2002). Brood mortality and 
complete loss of sharp-tailed grouse broods was greatest during the first 7 days post-hatching 
(Figure 3.1). Similar brood success rates have been reported for ruffed grouse (Bonasa 
umbellus) during the first week after hatching, where approximately 33% of broods were lost
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
76
i °  -| 
0.9 - 
0.8  -  
0.7
>  0.6 |
to 0.5
O
(a)
0.4
0.3
0.2
0.1
0.0
- 1.0
10 days before hatching
-0.5
•  •
0.0 0.5
Weather (PC1)
1.0 1.5
1.0 -
0.9 -
0.8 -
0.7 -
m> U.b -
e-j
<0 0.5 -
o
■C 0 4  -
O
0.3 -
0.2 -
0.1 -
0.0 -
(b)
- 1.0
First 7 days post-hatching
-0.5 0.0
Weather (PC1)
0.5 1.0
Figure 3.2. Relationship between the proportion of chicks surviving to 35 days of age and 
weather conditions experienced during (a) the 10 days prior to the hatching date for each 
brood and (b) the 0-7 day interval after hatching for sharp-tailed grouse broods in the Peace 
River region, northeast B.C. (2004-2005). Weather conditions are represented by the first 
principal component from a principal components analysis averaged across the 7 or 10 day 
period for each brood (see Methods), with positive values representing cool and wet weather. 
Sample size for both figures was n = 15.
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during the first 7 days, accounting for 42% of total brood loss from hatching to independence 
(Haulton 1999). Similarly, 77% of mortality of mallard broods occurred before 8 days of 
age, and daily survival rates of broods were 8 times greater for broods older than 7 days 
compared to broods less than 1 week old (Hoekman et al. 2004). High mortality rates during 
the first 2 weeks of age are common in precocial species. An inability to self-thermoregulate 
and, in the case of grouse, an inability to fly until approximately 8-10 days of age increases 
the susceptibility of precocial offspring to predation and adverse weather conditions 
(Bergerud 1988a).
Chick survival (i.e., the proportion of chicks surviving from hatching to 
independence), however, was much lower than brood success estimates, with only 35% of 
chicks surviving to 35 days of age. This estimate represents the lowest possible survival rate, 
given the difficulty in accurately counting all chicks during flush counts. Haulton (1999) and 
Schroeder (1997) reported similar issues in estimating chick survival of ruffed grouse and 
sage-grouse (Centrocercus urophasianellus), respectively. Bergerud (1988a) stated that 
average survival of gallinaceous offspring from hatching to independence was 56%, further 
suggesting that prairie grouse show similar rates of chick survival to the forest or tundra 
grouse species. In a study of ruffed grouse, chicks averaged only 11 to 13% survival to 35 
days of age (Haulton 1999). Survival of offspring of willow grouse (Lagopus lagopus 
lagopus) to 4 weeks of age was approximately 50% (Myrberget 1988); whereas chick 
survival of gray partridge (Perdix perdix) ranged from 42 to 71% over 3 years in Poland 
(Panek 1992). Survival of sage-grouse chicks to 50 days of age in Washington was 33% 
(Schroeder 1997), comparable to my estimates for sharp-tailed grouse in the Peace River 
region.
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I did not find any significant relationships between brood success and the explanatory 
variables I measured. Models including measures of female body condition and hatching 
date were the highest ranked models, but explained little of the variation in brood success 
and had poor predictive accuracy. In order for a factor to have an effect on brood success, 
however, it must first strongly influence chick survival (Pietz et al. 2003). My results follow 
this trend, as the influence of explanatory variables on offspring survival was more 
prominently observed at the level of chick survival, but not necessarily observed at the brood 
level. A lack of significant findings at the brood level may partially be explained by a low 
occurrence of complete brood loss. Brood success for the two study years was 75%, and 
only 6 broods were unsuccessful, which may have influenced my ability to detect significant 
associations with the variables I measured (Pietz et al. 2003). Also, it may be that the factors 
important in influencing brood success were not measured during the course of this study 
(e.g., habitat characteristics).
As chicks are unable to fly and thermoregulate on their own for the first week after 
hatching (Erikstad and Spidso 1982), any factors that potentially increase their exposure or 
increase the amount of time chicks need to be brooded, results in a decreased likelihood of 
survival (Pietz et al. 2003). As I did not mark individual chicks, I could not determine 
proximate causes of chick mortality and I could not measure the influence of predation on 
the proportion of chicks surviving. Similarly, because of inaccuracies in chick counts at 
7 days of age, I was unable to model chick survival during the early (0-14 days) stage of 
development. I therefore chose to limit my analysis of the proportion of chicks surviving to 
35 days to the effects of exposure on chick survival, by testing the importance of weather and
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
79
distance travelled. In addition, only a small number of broods were active at 35 days, further 
limiting my ability to determine strong predictors of the proportion of chicks surviving.
The proportion of chicks surviving to 35 days of age was best explained by 3 factors: 
(1) increasingly inclement weather conditions occurring 10 days prior to hatching was 
associated with higher chick survival; (2) survival was lower during the first 7 days post­
hatching when weather was increasingly inclement; and (3) the broods that travelled longer 
distances during the 0-7 day interval also had a lower proportion of chicks surviving to day 
35 (Figure 3.2, Table 3.10). Weather conditions are one of the most important factors 
affecting chick survival, and are generally regarded as the primary explanation for annual 
variation in survival of offspring (Blank et al. 1967, Panek 1992). Pre-hatching weather 
conditions can influence chick survival by positively influencing habitat conditions (Erikstad 
1985) or negatively affecting the condition of the incubating female (Steen et al. 1988). Poor 
weather conditions during the incubation period have been suggested to correspond with 
decreased survival of chicks as increased wet weather and cool temperatures can 
detrimentally affect the female’s energy balance, resulting in a decreased ability to care for 
young (Steen et al. 1988). Conversely, pre-hatching weather conditions can create 
favourable food and cover sources by influencing plant phenology (Erikstad 1985). Wet 
conditions experienced prior to hatching may create more densely vegetated areas, which 
generally support a greater abundance and diversity of insects (Erikstad 1985, Park et al. 
2001).
I speculate that the effects of rainy weather prior to hatching likely advanced or 
promoted vegetation phenology and availability of food, rather than condition of the 
incubating female (Steen et al. 1988). Although insect activity and abundance are generally
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
80
reduced during periods of cold and wet weather (Panek 1992), wet weather prior to hatching 
may have created more favourable vegetative conditions, which would support a greater 
abundance of insects as well as improved cover characteristics (Erikstad 1985, Bergerud 
1988a). Soil moisture during the months leading up to the peak-hatching period has been 
positively correlated with offspring survival, as soil moisture likely increases vegetation 
growth, thus providing critical cover for young (Bergerud 1988a). Further supporting this 
finding, cumulative precipitation measured from January to July was significantly associated 
with greater juvenile :adult ratios in the fall for prairie grouse, indicative of higher rates of 
chick survival (Flanders-Wanner et al. 2004). Greater food availability has been associated 
with increased growth rates and survival of chicks (Leonard et al. 1996, Park et al. 2001). If 
weather conditions experienced prior to hatching in the Peace River region were not 
detrimental in affecting the condition of the female through increased energetic demands, 
then wet weather experienced in the months leading up to hatching may be critical in 
creating favourable conditions that increase the phenological development of plants that are 
important to growing precocial chicks for both cover and as a food source, by supporting 
greater numbers of insects (Bergerud 1988a, Park et al. 2001).
Weather conditions, however, can operate on survival of chicks differently before 
hatching than after hatching (Steen et al. 1988). Precipitation experienced during the peak- 
hatching period, particularly during the month of June, is often negatively correlated with 
offspring survival (Steen et al. 1988, Panek 1992, Flanders-Wanner et al. 2004). This trend 
was apparent in the survival of sharp-tailed grouse chicks in the Peace River region (Figure 
3.2, Table 3.10). During the 0 to 14 day post-hatching interval, rates of offspring survival 
were lowest and complete brood loss was the highest (Table 3.9). In addition, my results
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suggest a negative association between chick survival to independence and weather 
conditions experienced during the 0-7 day interval (Figure 3.2). Mendenhall and Milne 
(1985) found similar results, suggesting that adverse weather during the first 2 weeks after 
hatching was responsible for the majority of duckling mortality. Further, Steen et al. (1988) 
report that decreased chick production corresponded well with an increase in the number of 
consecutive days with rain occurring after hatching.
Cool and wet weather during the first week of life can directly affect chick survival 
through increased cooling and wetting during a period when chicks are unable to self- 
thermoregulate, resulting in increased chick mortality. Weather can also indirectly affect 
survival of offspring, however, by influencing the amount of time that chicks need to be 
brooded by the hen (Erikstad and Spidso 1982). Extensive time spent brooding can result in 
a reduction in the amount of time chicks spend foraging, and thus can lead to starvation 
(Erikstad and Spidso 1982, Panek 1992, Roersma 2001). Unfavourable weather during the 
first week after hatching can also intensify mortality by increasing stress, energetic demands, 
and predation risk, as many predators actively hunt during periods of adverse weather 
(Mendenhall and Milne 1985). In addition, weather may indirectly affect insect abundance 
and availability, as insect activity is often lessened during cool and wet weather (Green 1984, 
Panek 1992, Cox et al. 1998). Increased survival of chicks in 2 species of partridge was 
directly associated with increased temperatures during June and July, which resulted in more 
favourable conditions for young chicks as well as increased density and activity of 
arthropods (Green 1984).
In addition to cool and wet weather conditions, the distance travelled by sharp-tailed 
grouse broods during the first week post-hatching was negatively associated with chick
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
82
survival to 35 days (Table 3.10). Movement of females and broods during the brood-rearing 
period is common in galliformes and some species of waterfowl (Erikstad and Spidso 1982, 
Seymour and Jackson 1996). Females and broods may move in response to predators, 
changing environmental conditions, or to secure a more suitable food source (Erikstad and 
Spidso 1982, Seymour and Jackson 1996). Broods that travel generally have decreased 
survival (Ball et al. 1975, Ringelman and Longcore 1982, Leonard et al. 1996, Seymour and 
Jackson 1996) and rates of growth (Mainguy et al. 2006) compared to more sedentary 
broods, although some of these detrimental effects may be attributable to decreased habitat 
quality at the final site, as opposed to extended movements by the brood (Seymour and 
Jackson 1996).
The distance travelled by a female and brood is usually not solely responsible for 
chick loss, as mortality incurred during brood movements is likely dependent on other factors 
that result in increased exposure of chicks (Talent et al. 1983). Large-scale movements 
between brood-rearing areas can result in decreased time spent brooding and foraging 
(Erikstad and Spidso 1982), an increased likelihood of chick abandonment (Leonard et al. 
1996) and predation (Duncan 1983, Leonard et al. 1996), and increased energetic demands 
(Mendenhall and Milne 1985, Leonard et al. 1996), all of which can result in increased 
mortality. Females with broods will make movements away from the nest site to secure 
appropriate food sources for the chicks (Erikstad and Spidso 1982, Erikstad 1985, Leonard et 
al. 1996). Grouse chicks rely on insects as their primary food source for the first 2 to 5 
weeks after hatching, after which they begin to shift to a more plant-dominated diet similar to 
adult birds (Green 1984, Panek 1992). Because of this reliance on insects for growth and
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development, insect abundance and availability is an important factor affecting survival of 
precocial offspring (Cox et al. 1998).
Broods of willow grouse {Lagopus I. lagopus) will often travel up to 1 km per day in 
search of food (Erikstad and Spidso 1982), and broods of canvasback {Aythya valisineria) 
moved in response to changing food requirements of growing ducklings (Leonard et al.
1996). Although I cannot ascertain why sharp-tailed grouse broods made such movements 
within the first week after hatching, I observed that some broods moved away from the high- 
quality nesting areas, generally located in shrub-steppe habitats, to more agriculturally- 
dominated areas that appeared to be better suited for brood-rearing. I also observed that 
broods, which hatched in agricultural areas with good vegetative cover, however, still made 
large-scale movements away from the nest site. In the Peace River region, some of the most 
important nesting habitat, in the form of shrub-steppe complexes, occurs in small, isolated 
patches that can be relatively detached from suitable brood-rearing habitats. Nesting areas 
isolated from suitable brood habitats may be “sinks” that can result in low brood success and 
chick survival, as broods can suffer losses when travelling to appropriate brood-rearing areas 
(Seymour and Jackson 1996, Aldridge 2005). Female canvasbacks and broods moved away 
from the nesting area within the first week after hatching, suggesting that nest areas were 
selected based on nesting requirements and not for quality brood-rearing habitats (Leonard et 
al. 1996). The pattern in which a female selects a nest site (Leonard et al. 1996) combined 
with isolated nesting areas (Seymour and Jackson 1996) may result in greater brood 
movements, contributing to decreased survival of neonate sharp-tailed grouse in the Peace 
River region.
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Conclusions
In many gallinaceous species, survival of offspring is often poorly quantified and the 
specific causes of chick mortality are difficult to accurately determine. My results of brood 
success and chick survival are conservative in nature due to using data derived from flush 
counts. It is apparent, however, that weather is an important factor affecting survival of 
offspring. Although weather conditions cannot be controlled, management practices can be 
used to enhance habitats that create a greater abundance and availability of insects as well as 
increased cover to maximize survival of chicks (Bergerud 1988a, Park et al. 2001). I did not 
examine habitat variables in my analyses of brood success or chick survival, although habitat 
is likely an important factor influencing offspring survival (Bergerud 1988a). Extensive 
brood movements, especially during the early stages of development, were also important in 
explaining low survival of chicks. From a management perspective, chick survival and 
overall brood success may be increased by ensuring that nesting and brood-rearing habitats 
be managed cohesively to decrease the likelihood of chick and brood mortality experienced 
during large-scale movements away from the nest. These extended movements increase 
susceptibility of chicks and broods to predation, and increase physiological demands by 
decreasing the amount of time spent brooding as well as foraging (Erikstad and Spidso 1982, 
Duncan 1983, Leonard et al. 1996).
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C h a p t e r  4: N e s t i n g  a n d  B r o o d - r e a r i n g  H a b i t a t  S e l e c t i o n  b y  R a d io - m a r k e d  
S h a r p - t a i l e d  G r o u s e  { T y m p a n u c h u s  p h a s ia n e l l u s ) in  N o r t h e a s t e r n  B r i t i s h
C o l u m b ia
Abstract
To avoid detection by predators, sharp-tailed grouse (Tympanuchus phasianellus) rely 
on habitats that provide high-quality cover characteristics during the breeding season. For 
management purposes, therefore, it is important to identify the patterns of habitat selection 
choices made by female sharp-tailed grouse during the breeding season. I examined the 
selection of nesting and brood-rearing habitats at 3 spatial scales (landscape, patch, and site) 
using conditional logistic regression models and an information-theoretic approach. At the 
landscape scale, nesting females selected for non-forest cover-types between 550-700 m in 
elevation. At the patch and site scales, nesting females showed selection for shrub-steppe 
habitats during first nest attempts, as well as selection for sites with high shrub and grass 
cover, taller vegetation, and more residual vegetation compared to random sites. Brood- 
rearing females selected for agricultural habitats during the early brood-rearing period (0-14 
days of age), but did not show selection of any habitat type or site attribute during the late 
brood-rearing period (15-49 days of age). The selection of shrub-steppe habitats, high shrub 
and grass cover, and taller vegetation at the nest site suggest the importance of managing 
habitats that provide high-concealment values, not only at the nest site, but in habitats at all 
spatial extents.
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Introduction
Habitats used during the breeding season are an important factor in the success of 
breeding sharp-tailed grouse (Tympanuchus phasianellus). Habitats providing adequate 
cover are required for nesting and brood-rearing, and are critical in determining how 
successful female grouse are at hatching their nest and rearing their offspring, further 
influencing population status and trends (Hudson and Rands 1988, Watters et al. 2002). A 
lack of habitat providing adequate cover may lead to increased predation and subsequently 
poor reproductive success (With 1994, Campbell et al. 2002, Watters et al. 2002). Therefore, 
determining habitat selection during the breeding season has important implications 
regarding the status of local populations and to ensure critical habitats are identified for 
management purposes.
Habitat selection of most species of grouse is driven by avoiding detection by 
predators (Bergerud and Gratson 1988). Regardless of the habitat type occupied, optimal 
nest sites need to provide good overhead and lateral cover to conceal the nest from both 
avian and mammalian predators (Bergerud and Gratson 1988). Nest sites of sharp-tailed 
grouse are typically located under or near shrubs, and have taller and thicker residual 
vegetation than surrounding areas (Connelly et al. 1998). Selection of specific habitat 
characteristics and vegetation communities, however, is highly variable among subspecies 
and may depend largely on the quality of habitats available to the female (Roersma 2001).
The literature on nesting habitats of sharp-tailed grouse suggests a strong importance of 
residual vegetation, and the use of grass and forb-dominated habitats that maximize cover 
(Prose et al. 2002). Residual grass may be less important for nest-site selection in areas
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where shrub communities are abundant and can provide equally important cover qualities for 
nesting sharp-tailed grouse (Roersma 2001).
Selection of appropriate brood-rearing habitats is also driven by predator avoidance, 
but is further constrained by selecting habitats that provide an adequate food source for 
precocial chicks. Sharp-tailed grouse rely on insects as their primary food source until they 
are approximately 5 weeks of age, when their diet begins to shift from insects to forbs 
(Kobriger 1965, Green 1984, Panek 1992). Female sharp-tailed grouse with broods select for 
areas with abundant insects and dense forb cover, which aids in thermoregulation and 
predator avoidance (Connelly et al. 1998). Females with broods will also use more open 
cover-types, however, that increase insect abundance and potentially decrease the degree of 
wetting, which results from moisture remaining in densely vegetated habitats after morning 
dew or rainfall events (Hamerstrom 1963, Flanders-Wanner et al. 2004). A loss of habitats 
providing suitable conditions for chicks may affect the distribution of grouse and recruitment 
of young to the breeding population (Sveum et al. 1998a).
Sharp-tailed grouse occur in moderate abundance throughout the Peace River region 
of British Columbia. Local biologists and landowners, however, suggest that populations 
have been steadily declining over the past several decades, but no census or survey data 
relative to population numbers is available. In this area, sharp-tailed grouse occupy habitats 
that differ from habitats used by other populations of sharp-tailed grouse in the province.
Use and selection of habitat by sharp-tailed grouse during the breeding season has not been 
previously studied or documented in the Peace River region, and little is known regarding the 
habitat requirements of this species specific to the region.
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In this chapter, I investigate the influence of habitat attributes measured at 3 spatial 
scales (landscape, patch, and site) on the selection patterns of sharp-tailed grouse during the 
nesting and brood-rearing periods. The objectives of this chapter were to determine: (1) if 
breeding sharp-tailed grouse are selecting for landscape-scale attributes such as slope, aspect, 
elevation, or cover type when selecting potential nesting areas; (2) if nesting females are 
selecting for patch-scale and site-scale habitat attributes such as vertical and horizontal 
concealment, vegetation height, or habitat type; and (3) if females with broods are also 
choosing specific habitats during early (0-14 days) and late (15-49 days) brood-rearing 
periods.
Study Area
The study area consisted of a 320-km area located approximately 35 km southeast of 
Fort St. John, British Columbia (refer to Figure 1.1) and encompassed the upland areas and 
river breaks at the confluence of the Beatton and Peace Rivers (56° 11 ’ N, 120°25’ W, ca 
600 m elevation). The study area was located in the Aspen Parkland Ecoregion (Meidinger 
and Pojar 1991), however, much of the area had been converted to agricultural land use 
including cereal and hayfield crops, and pastureland for livestock. Aspen (Populus 
tremuloides) forests, mixed aspen-white spruce (Picea glauca) forests, and black spruce 
(Picea mariana) muskeg bogs were common in the upland natural areas. Along the south- 
and west-facing river breaks, there was a strong influence of natural shrub and grassland 
communities. Sharp-tailed grouse were reasonably abundant, and multiple lek sites existed 
in the study area.
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Methods 
Field Techniques
During April and May of 2004 and 2005,1 trapped sharp-tailed grouse on 9 different 
leks throughout the study area using walk-in traps (Schroeder and Braun 1991). All birds 
captured were fitted with individually numbered aluminium leg bands, and females captured 
were fitted with 15-g necklace-style radio transmitters (Model RI-2BM, Holohil Systems 
Ltd, Carp, ON), representing approximately 1 to 2% of an average female’s mass (Bergerud 
19886, White and Garrott 1990). Radios were capable of transmitting signals for 24 months 
and were equipped with an inactivity switch, which was triggered after 8 hr of inactivity, for 
determination of mortality.
Approximately 2 weeks post-capture, I began locating nests by flushing each female 
on a weekly basis until a nest was located. In general, females were flushed during late 
morning or early afternoon to increase the likelihood of nest attendance and reduce possible 
interruption of laying activities. When a nest was located, 1 recorded the nest location using 
a hand held 12 Channel Global Positioning System (GPS; Garmin Etrex; Garmin 
International Inc., Olathe, KS). I measured habitat attributes (details below) within 20 cm of 
the nest site the day after the nest hatched, or on the expected date of hatching if the nest had 
been depredated. Brood flush counts were performed at weekly intervals from 7 days until 
49 days of age, or until brood mortality was recorded. During flush counts, I documented the 
location of the brood use site by recording latitude and longitude coordinates using a GPS. 
Habitat characteristics were measured 2 to 3 days later to avoid increased stress to the brood 
and to minimize the attention drawn to the area occupied by the brood.
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Animals select habitats in a natural ordering, beginning at the largest spatial scale 
(Johnson 1980). To investigate habitat selection patterns of breeding sharp-tailed grouse, I 
measured habitat attributes at the landscape scale, the patch scale, and the nest- and brood- 
site scale (Johnson 1980, Wachob 1997, Prose et al. 2002). To infer selection of a resource, 
the availability of habitats at each scale must be measured (Johnson 1980). I sampled habitat 
attributes of random points at all spatial extents to determine the range of habitats available 
to female sharp-tailed grouse. At the landscape scale, I determined the sampling area from 
which random plots were selected based on a circular area surrounding each lek, with the 
radius determined by the greatest lek-to-nest distance (Wachob 1997). Over the 2 study 
years, the greatest lek-to-nest distance was 8 km. I used a 10-km radius, however, to avoid 
having random locations on the boundary of this area. I generated 40 random points, using a 
random UTM point generator program in Microsoft Excel (M. Gillingham, Prince George, 
personal communication), within a 10-km radius of each lek to represent the range of 
available habitats for nesting females at the landscape scale. I measured elevation, slope, 
aspect, and the predominant cover type at all nest and random sites to assess landscape-scale 
selection patterns of breeding sharp-tailed grouse. I visually assessed British Columbia 
Terrain and Resource Inventory Management (TRIM 2; Integrated Land Management 
Bureau 2007) Orthophotos to classify each nest and random point into one of 4 cover classes: 
forest, non-forest, agricultural, and water. I removed all points classified as “water” from the 
analysis (n=  11).
To represent the range of available habitats at the patch and site scales, I generated 
2 random, dependent points for every known nest location. Random points paired with 
known nest locations were generated within a randomly determined direction and distance,
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using the random UTM point generator, to a maximum of 250 m (Wachob 1997), from each 
nest location. At each random plot, I measured habitat attributes identical to those collected 
at used sites (i.e., nest locations). To assess patch-scale selection, I recorded coarse habitat 
measurements including predominant vegetation type at the nest site (forb, shrub, grass, or 
mixed) and general nest habitat type (shrub-steppe, agricultural field, aspen, or other). I 
included in the “other” habitat category any nest or random location that was located in 
habitats such as leave areas, grassy right-of-ways, or roadside ditches. I also categorized nest 
locations as occurring in natural or agricultural habitats.
To determine site-scale selection of nests, I measured several habitat variables within 
20 cm of the nest bowl including species composition, horizontal and vertical cover, 
vegetation height, and the amount of residual vegetation. Using a modified Robel pole 
(Robel et al. 1970), I measured the amount of horizontal concealment from a distance of 
10 m in each cardinal direction. I determined the degree of nest concealment by visually 
inspecting a 20-cm by 20-cm square placed over the nest bowl from 1 m above the nest 
(Higgins et al. 1994). I measured the percentage that each quarter of the square was 
obscured by overhead vegetation and averaged the 4 cover measurements to provide one 
measure of vertical cover. I identified vegetation species and estimated the amount of cover 
from shrubs, grasses, and forbs covering the nest to determine vegetation structure and 
composition. Measures of cover from shrubs, grasses, and forbs were not stratified into 
layers; therefore, cover measurements could not exceed 100%. Habitat measurements were 
not completely representative of habitat conditions over the entire period of incubation 
because of plant growth throughout the nesting period.
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I quantified habitat characteristics of brood locations and paired random sites using a 
similar approach as that described for nests. At each brood use location, I described the 
general habitat type used by the brood (e.g., aspen, cereal crop, hayfield, sedge, shrub-steppe, 
or edge habitat) and I measured horizontal cover, using a Robel pole (Robel et al. 1970), 
average vegetation height, and the distance to the nearest patch edge. I also categorized the 
site as agricultural or natural, based on current land-use activities and vegetation 
characteristics. I described the predominant vegetation type by categorizing the brood 
location as either dominated by shrub, grass, forb, or a combination of the vegetation types 
(mixed). I measured habitat characteristics each time a flush count was performed for each 
brood.
Data Analyses
Landscape-scale selection. Because random points were not matched with known nest 
locations for landscape-level analyses, I used standard logistic regression (Hosmer and 
Lemeshow 2000), for unmatched data, to examine if landscape-scale habitat characteristics, 
such as slope, aspect, elevation, and the type of vegetative cover, were being selected or 
avoided during the nesting period by female sharp-tailed grouse, where selection was the 
binary dependent variable, with sites being classified as used (1) or random (0). I broadly 
classified the type of vegetative cover as forest, non-forest, or agricultural, at each use and 
random point. I categorized aspect into north (316-45°), east (46-135°), south (136-225°), 
and west (226-315°) directions, and “no aspect” for points with a slope < 1°. I hypothesized 
that if sharp-tailed grouse were selecting for a particular slope and elevation, that such 
relationships would not be linear, and would therefore violate linearity assumptions of the
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logistic regression test. I compared the difference of the log-likelihood as well as the change 
in quasi-Akaike’s Information Criterion values corrected for small sample size (QAICc) of 
the model with and without the squared term to determine if relationships were non-linear. If 
the model significantly improved with the quadratic function, or if QAICc scores changed by 
more than 2 .0 ,1 retained the squared term in the model (Table 4.1). I found a significant 
increase in model goodness-of-fit and a significant change in QAICc when an quadratic 
elevation term was included in models, and therefore I developed each candidate model set 
including the quadratic function for elevation.
Patch-scale selection. Low sample sizes precluded the addition of patch-scale habitat 
attributes to habitat selection models. Therefore, to determine if female sharp-tailed grouse 
were selecting for different types of habitats, land-uses, or vegetation forms, I used the G-test 
of independence (Sokal and Rohlf 2001). I also compared the use of different habitat types 
and vegetation types between first and renest attempts, and between early and late brood- 
rearing periods using the G-test of independence. In the case where one or more cells had an 
expected frequency of less than 5 ,1 used Fisher’s exact test in place of the G-test of 
independence (Mehta and Patel 1983, STATA 2005). Categorical variables, such as habitat 
type, were not included in conditional logistic regression models because of cell frequency 
violations in the data (Hosmer and Lemeshow 2000, Menard 2002).
Site-scale selection. I used conditional logistic regression (Hosmer and Lemeshow 2000) 
to examine if habitat characteristics were being selected or avoided during the nesting and 
brood-rearing periods, where selection was the binary dependent variable, with sites being 
classified as used (1) or random (0). I sampled 2 random locations for each nest and brood 
location, which resulted in a 1:2 case-control design (Hosmer and Lemeshow 2000).
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Table 4.1. A priori logistic regression candidate model set used for modeling factors
influencing landscape-scale selection o f habitats by nesting female sharp-tailed grouse in the
Peace River region, northeast B.C. (2004-2005).
Model number Model components
1 Slope
2 Aspect
3 Elevation + elevation2
4 Cover type
5 Slope + aspect
6 Slope + aspect + cover type
7 Slope + aspect + elevation + elevation2
8 Elevation + elevation2 + cover type
9 Slope + aspect + elevation + elevation2 + cover type
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Because I flushed broods multiple times throughout the brood-rearing period, however, 
brood data consisted of multiple use locations paired with multiple random locations (a M:N 
case-control design; Hosmer and Lemeshow 2000). Conditional logistic regression, also 
referred to as case-control logistic regression, allows for non-independent data, and is a more 
powerful analytical tool than standard logistic regression when data are paired (Hosmer and 
Lemeshow 2000). Additionally, the test can be used for any combination of use:random 
pairs (i.e., 1:2 case-control, M:N case-control, etc.; Hosmer and Lemeshow 2000, STATA 
2005), and is common in studies investigating habitat selection (Compton et al. 2002, 
Aldridge 2005). To determine if female sharp-tailed grouse were selecting for different 
species of vegetation, I used the G-test of independence (Sokal and Rohlf 2001).
Based on field observations and previous research on nesting habitats of prairie 
grouse, I chose to test nest-site selection by developing a candidate model set that included 
models that maximized both lateral and overhead cover characteristics around the nest site 
(Table 4.2). Thus, each of my candidate models contained a vertical cover component and a 
horizontal cover component. In addition to variables describing cover, I also included in the 
modeling process 2 variables hypothesized to influence nest-site selection: distance to the 
nearest patch edge, and the amount of living cover at the nest site. From the possible 
combinations of explanatory variables, I selected 14 candidate models to describe nest-site 
selection (Table 4.2). I analyzed nest-site selection separately for first nest attempts and 
renest attempts to avoid pseudoreplication, as female sharp-tailed grouse will commonly 
renest in the same season if the first nest attempt fails (Connelly et al. 1998).
Brood-site selection candidate models were generated using 3 variables: distance to 
the nearest patch edge, vegetation height, and a categorical variable indicating agricultural or
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Table 4.2. A priori conditional logistic regression candidate model set used for modeling 
factors influencing nest-site scale selection of habitats by female sharp-tailed grouse in the 
Peace River region, northeast B.C. (2004-2005). This model set was used for both first nest 
and renest attempts.
Model
number Model components
1 Vertical cover + vegetation height
2 Vertical cover + shrub cover
3 Vertical cover + grass cover
4 Vegetation height + shrub cover
5 Vegetation height + grass cover
6 Shrub cover + grass cover
7 Vertical cover + shrub cover + vegetation height
8 Vertical cover + grass cover + vegetation height
9 Vertical cover + vegetation height + distance to nearest patch edge
10 Vertical cover + vegetation height + living cover
11 Vertical cover + vegetation height + living cover + distance to nearest patch edge
12 Vertical cover + vegetation height + shrub cover + grass cover
13 Shrub cover + grass cover + living cover + distance to nearest patch edge
14 Vertical cover + vegetation height + shrub cover + grass cover + distance to 
nearest patch edge + living cover
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natural land-use type (Table 4.3). I was unable to incorporate a measure of horizontal cover 
(based on Robel pole readings) in my candidate model set due to high correlation with 
vegetation height (r = 0.79, n = 268). I chose to model habitat selection by broods separately 
for 2 time periods, 0-14 days post-hatching and 15 to 35 days of age, because food and 
thermoregulatory requirements of chicks during these 2 stages of development are dissimilar 
(Erikstad 1985, Bergerud 1988a), and so I expected habitat selection would also be 
dissimilar between these 2 time periods. Habitat selection by broods was analyzed using 
brood data collected only from 2005 because of incomplete habitat data collected in 2004. 
Variables included in the modeling process of nest-site and brood-site selection were based 
on field observations, biological rationale, and to avoid collinearity between variables in the 
conditional logistic regression models. I transformed the percentage of grass cover, shrub 
cover, living cover, and vertical cover using arcsine transformations, appropriate for 
regression tests (Sokal and Rohlf 2001). For models that included categorical variables, 1 
coded categorical variables using reference cell coding (Hendrickx 1999, Hosmer and 
Lemeshow 2000, Menard 2002). I used Pearson’s correlations and variance inflation factors 
(VIF) to test for collinearity between independent variables (Chatterjee et al. 2000, Menard 
2002). I assumed collinearity was present if correlation coefficients were greater than the 
absolute value of 0.6 and multicollinearity was apparent if VIF values were greater than 10 
or if mean VIF values were considerably larger than 1 (Chatterjee et al. 2000). I assessed 
outliers by visually inspecting dbeta influence statistics (Menard 2002).
I used an information-theoretic approach to assess which habitat attributes were being 
selected for by nesting and brood-rearing sharp-tailed grouse in my study population, by 
calculating QAICc for each candidate model, due to overdispersion in the data and small
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Table 4.3. A priori conditional logistic regression candidate model set used for modeling 
factors influencing habitat selection by broods of sharp-tailed grouse during early (0-14 days) 
and late (15-49 days) brood-rearing periods in the Peace River region, northeast B.C. (2004- 
2005).
Model
number Model components
1 Agricultural-natural land-use type + vegetation height
2 Agricultural-natural land-use type + distance to nearest patch edge
3 Distance to nearest patch edge + vegetation height
4 Agricultural-natural land-use type
5 Vegetation height
6 Distance to nearest patch edge
7 Agricultural-natural land-use type + vegetation height + distance to nearest
patch edge
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sample sizes (Burnham and Anderson 1998). I used delta-QAICc (A,) values to rank 
competing models to determine which of the candidate models best described the data. I 
calculated Akaike weights (w,) for each candidate model to assess the probability that a given 
model was the best model from the candidate set (Burnham and Anderson 1998, Anderson et 
al. 2000). In the occurrence of model competition (i.e., one model cannot confidently 
explain the data better than other candidate models), I considered all models with AQAICc 
values < 2.0.
To assess the fit of each model to the data, I used likelihood ratio x2-statistics 
(Hosmer and Lemeshow 2000). There are various methods available to assess the predictive 
accuracy of logistic regression models including the Kappa statistic, A>fold cross-validation, 
and the Receiver Operating Characteristic (ROC; Fielding and Bell 1997, Boyce et al. 2002). 
Although £-fold cross-validation techniques are recommended for use with presence- 
availability designs (Boyce et al. 2002), I chose to use ROC estimates of the area under the 
curve (Hosmer and Lemeshow 2000, Aldridge 2005), due to a small number of data points, 
which prevented the £-fold partitioning of data into groups, and because of relative certainty 
that random plots, classified as absences, were unoccupied by a nest or brood. In presence- 
availability study designs, where there is potential for misclassification of sites as 
unoccupied (Fielding and Bell 1997), classification methods such as ROC can result in 
flawed classification that can be misinterpreted as low classification success by the model 
(Boyce et al. 2002). Estimates of the predictive accuracy of my logistic regression models 
would, therefore, be conservative (Boyce et al. 2002). Area under the ROC curve values 
between 0.7 and 0.8 indicate acceptable predictive accuracy, values between 0.8 and 0.9 
indicate excellent predictive accuracy, and values greater than 0.9 suggest outstanding
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accuracy (Hosmer and Lemeshow 2000). Models with ROC values less than 0.5 suggest the 
model’s predictive accuracy is not better than random. I conducted all statistical analyses 
using Intercooled Stata 9.2 and appropriate Stata addins (Hendrickx 1999, STATA 2005), 
with a significance level of P < 0.05. I report means ± 1 standard error.
Results
Landscape-scale Selection
At the landscape scale, I found that nesting sharp-tailed grouse selected for a very 
specific range of elevation and cover types across the landscape (Table 4.4). The 3 candidate 
models with AQAICc values < 2.0 were: (1) elevation + elevation + cover type; (2) 
elevation + elevation2; and (3) cover type (Table 4.4). The top-ranked models had excellent 
model fit (P < 0.05), acceptable predictive accuracy (ROC > 0.7; Hosmer and Lemeshow 
2000), and had strong support compared to competing models (Akaike weights > 0.27). The 
dominant cover type across the study area was agricultural. My results suggest, however, 
that nesting females significantly selected the non-forest cover type over the agricultural and 
forest cover types (Figure 4.1, Table 4.5). The odds of nesting sharp-tailed grouse selecting 
the non-forest cover type was approximately 8 times the odds of a female selecting the 
agricultural cover type, whereas the odds of selecting the forest cover type was similar to the 
odds of selecting agricultural cover (Table 4.5).
Elevation across the study area ranged from approximately 350-800 m, and nesting 
females selected for areas in the elevation range of 550-700 m (Figure 4.2). Because the 
selection of elevation was not linear, it is difficult to interpret odds ratios for this variable. A 
histogram of the percentage of use of different ranges of elevations, however, suggests the
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Table 4.4. Quasi-Akaike’s Information Criterion for small sample sizes (QAICc), AQAICc, Akaike weights (w,), likelihood ratio test 
statistics for model goodness-of-fit (and associated / ’-values), and area under the Receiver Operating Curve (ROC) with associated 
standard error for each logistic regression candidate model assessing landscape-scale habitat selection by nesting sharp-tailed grouse 
in the Peace River region, northeast B.C. (2004-2005). Sample size was consistent between all candidate models (n = 398).
Model structure Ka QAICc AQAICc wj3
Model LR y2 
y2 df P-value
Accuracy 
ROCc SE
Elevation + elevation + cover type 5 28.02 0 0.31 90.40 4 <0.01 0.87 0.03
Elevation + elevation2 4 28.29 0.27 0.27 63.52 2 <0.01 0.82 0.03
Cover type 3 28.30 0.28 0.27 39.87 2 <0.01 0.71 0.04
Aspect 3 30.81 2.79 0.08 10.85 4 0.03 0.62 0.04
Slope + aspect + elevation + elevation2 + cover type 7 30.97 2.95 0.07 104.07 9 <0.01 0.88 0.02
Slope + aspect + elevation + elevation2 6 31.16 3.14 0.06 77.96 7 <0.01 0.85 0.02
Slope + aspect + cover type 5 31.59 3.58 0.05 49.06 7 <0.01 0.79 0.03
Slope 3 31.74 3.73 0.05 <0.01 1 0.97 0.47 0.04
Slope + aspect 4 32.83 4.81 0.03 11.03 5 0.05 0.61 0.04
aThe number of parameters in the model include the explanatory variable(s), the constant term from the logistic regression model, 
and the variance inflation factor for calculation of QAICc (Burnham and Anderson 1998).
b Generalized Akaike weights that can be interpreted as the relative degree of certainty associated with each model. 
c Area under the receiver operating curve is used as a measure of model predictive accuracy.
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Table 4.5. Coefficient (fi, ± SE) and odds ratio (± SE) estimates for the top-ranked (quasi- 
Akaike’s Information Criterion for small sample sizes (AQAICc) < 2.0) logistic regression 
models and associated variables used in characterizing landscape-scale habitat selection by 
nesting sharp-tailed grouse in the Peace River region, northeast B.C. (2004-2005). Models 
are arranged based on AQAICc rankings as summarized in Table 4.4. Sample size for all 
models was n = 398.
Models and variables P SE Odds ratio SE P-value2
Elevation + elevation + cover type
Elevation 0.66 0.16 1.93 0.31 <0.01
Elevation <0.01 <0.01 1.00 <0.01 <0.01
Cover type
Forest 0.25 0.48 1.29a 0.61 0.60
Non-forest 2.10 0.45 8.14b 3.62 <0.01
Elevation + elevation2
Elevation 0.63 0.14 1.87 0.27 <0.01•y
Elevation <0.01 <0.01 1.00 <0.01 <0.01
Cover type
Forest 0.10 0.50 1.10a 0.50 0.83
Non-forest 2.12 0.38 8.40b 3.15 <0.01
^ Odds ratio provides the (a) odds of the forest cover type being selected over the 
agricultural cover type, and (b) odds of the non-forest type being selected over the 
agricultural forest type using reference cell coding for categorical variables (Hosmer and 
Lemeshow 2000, Menard 2002).
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Figure 4.1. Percentage of use of 4 cover types by sharp-tailed grouse at the landscape-scale, 
compared to the availability of cover types across the landscape, as determined from 
randomly sampled locations, in the Peace River region, northeast B.C. (2004-2005). Sample 
size of nests and random plots in each category are given above each bar.
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Figure 4.2. Percentage of use of elevation (above sea level) ranges at the landscape-scale, 
given in 50-m intervals, by nesting sharp-tailed grouse, compared to the range of elevations 
observed across the study area in the Peace River region, northeast B.C. (2004-2005). 
Sample size of nests and random plots in each category are given above each bar.
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strong selection of areas between 550-650 m in elevation, and avoidance of areas above or 
below this range (Figure 4.2).
Patch-scale Selection
First nest attempts. There was some evidence that nesting females showed selection for 
different land-use types during first nest attempts. These results, however, were not 
significant (G = 3.28, df = 1, n = 94, P = 0.07). A histogram of the percentage of use of each 
land-use category suggests that nearly 80% of first nests were in natural habitats, compared 
to only 20% of nests located in agricultural habitats (Figure 4.3). Nesting females selected 
significantly for different habitat types during first nest attempts (Fisher’s exact test,
P = 0.01, n = 94). Approximately 44% of first nest attempts were located in shrub-steppe 
habitats, which comprised only 15% of random plots, whereas 41% of nests were located in 
aspen, which was approximately equivalent to the abundance of aspen habitats (40%) 
available to nesting females (Figure 4.4). Agricultural fields were used (11%) less than they 
were available (33%), as indicated from random plots. I found no selection for the 
predominant vegetation type (forb, grass, shrub, or mixed) at the nest site (G = 2.67, df = 3, 
n=  94, P = 0.45; Figure 4.5).
Renest attempts. During renest attempts, agricultural and natural land-use types were 
used in proportion to their availability by renesting females (G = 0.36, df = 1, n = 41,
P = 0.55; Figure 4.3). Similarly, females did not show significant selection for any one type 
of habitat (Fisher’s exact test, P = 0.10, n = 41; Figure 4.4) or vegetation type (Fisher’s exact 
test, P = 0.07, n = 41; Figure 4.5) during renest attempts.
I found that nesting female sharp-tailed grouse showed a strong shift in the selection
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Figure 4.3. Percentage of use of different land-use types by sharp-tailed grouse for first 
nests and renest attempts, compared to the availability of land-use types sampled from paired 
random locations within a maximum distance of 250 m of each monitored nest site in the 
Peace River region, northeast B.C. (2004-2005). Sample size of nests and random plots in 
each category are given above each bar.
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Figure 4.4. Percentage of use of different habitat types by sharp-tailed grouse for first nests 
and renest attempts, compared to the availability of habitats sampled from paired random 
locations within a maximum distance of 250 m of each monitored nest site in the Peace River 
region, northeast B.C. (2004-2005). The “other” habitat category includes any nest located 
in habitats such as leave areas, grassy right-of-ways, or roadside ditches. Sample size of 
nests and random plots in each category are given above each bar.
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Figure 4.5. Percentage of use of different vegetation types by sharp-tailed grouse for first 
nests and renest attempts, compared to the availability of vegetation types sampled from 
paired random locations within a maximum distance of 250 m of each monitored nest site in 
the Peace River region, northeast B.C. (2004-2005). Sample size of nests and random plots 
in each category are given above each bar.
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of patch-scale habitat characteristics between first nests and renests. Nesting females 
showed significant selection for natural habitats during first nest attempts, but selected 
agricultural habitats during renest attempts (G = 7.14, df = 1, n = 49, P = 0.01; Figure 4.3). 
Similarly, the type of habitats selected for was also significantly different between first nests 
and renests (Fisher’s exact test, P < 0.01, n = 49). Specifically, the percentage of nests in 
agricultural fields was greater in renest attempts than in first nest attempts, and the 
percentage of renests in aspen and shrub-steppe habitat types was less than in first nest 
attempts (Figure 4.4). I found no change in the selection of vegetation types between first 
nest attempts and renest attempts (Fisher’s exact test, P = 0.98, n = 49; Figure 4.5).
Brood-rearing. During the early brood-rearing period, broods showed strong selection for 
different land-use types (G = 5.98, df = 1 ,P  = 0.02; Figure 4.6). Approximately 87% of 
broods used agricultural habitats, whereas only 13% of broods used natural habitats. This 
relationship, however, was not apparent during the late brood-rearing period (G = 0.26, 
df = 1, P = 0.61; Figure 4.6). Females with broods did not show selection for different 
habitat types (Fisher’s exact test, P = 0.10, n = 97). Hayfield (56%) and cereal crop (26%) 
were the most commonly used habitat types during the early brood-rearing period. When 
compared to the availability of these habitat types across the landscape, however, hayfield 
(35%) and cereal crops (27%) were equally as abundant, as indicated from random plots 
(Figure 4.7). During the late brood-rearing period, however, broods showed significant 
selection for different habitat types (Fisher’s exact test, P = 0.01, n = 171). Broods 
continued to use primarily hayfield (46%) and cereal crop (22%), but also showed an 
increased use of edge (23%) habitats, which comprised only 4% of random plots (Figure
4.7). During both periods, broods did not show selection for specific vegetation types (early
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Figure 4.6. Percentage of use of different land-use types by sharp-tailed grouse during early 
(0-14 days) and late (15-49 days) brood-rearing periods, compared to the availability of land- 
use types sampled from paired random locations within a maximum distance of 250 m of 
each brood flush location in the Peace River region, northeast B.C. (2004-2005). Sample 
size of broods and random plots in each category are given above each bar.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
I l l
40  -
60
50 H
CO c  o
’■4—'(0
d) co
O
O 3(H  
a)05as
cd)ok_0a.
20
10
26
37
1219
15
16
5 7
II
31
53
22
1
U sed sites  - brood 0-14 days 
Random sites  - brood 0-14 days  
U sed s ites  - brood 15-49 days  
] Random sites  - brood 15-49 days
10
5 8 11
1 1
l 11 i II
4 1
| iIn
Cereal crop Edge Hayfield S e d g e  Shrub-steppe A spen  
Habitat type
Figure 4.7. Percentage of use of different habitat types by sharp-tailed grouse during early 
(0-14 days) and late (15-49 days) brood-rearing periods, compared to the availability of 
habitats sampled from paired random locations within a maximum distance of 250 m of each 
brood flush location in the Peace River region, northeast B.C. (2004-2005). The “edge” 
habitat category includes transition areas between habitat types. Sample size of broods and 
random plots in each category are given above each bar.
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period: Fisher’s exact test, P = 0.86, n = 97; late period: Fisher’s exact test, P = 0.80, 
n=  171; Figure 4.8).
I compared the habitat selection patterns of broods between the early and late brood- 
rearing periods and found no significant difference in the selection of land-use type 
(G = 2.54, df = 1, P = 0.11), habitat type (Fisher’s exact test, P = 0.51, n = 114), or 
vegetation type (Fisher’s exact test, P = 0.71, n = 107; Figure 4.6, Figure 4.7, Figure 4.8).
Site-scale Selection
First nest attempts. Several vegetation species were significantly selected for at first nest 
sites (Figure 4.9). Saskatoon (Amelanchier alnifolia; G = 6.67, df = 1, n = 94, P = 0.01), 
grass (G = 15.58, df = 1, n = 94, P < 0.01), and rose (Rosa spp.; G = 4.42, df = 1, n = 93,
P = 0.04) were used in greater proportion than their availability during first nest attempts 
(Figure 4.9). Conversely, aspen (Populus tremuloides) was used significantly less than 
available in first nests (G = 7.01, df = 1, n = 94, P = 0.01; Figure 4.9).
I tested 14 candidate models with varying combinations of continuous habitat 
variables to determine if nesting females were selecting for specific habitat attributes during 
first nest attempts. Model competition was evident as 4 candidate models had AQAICc 
scores < 2.0 (Table 4.6). All 4 competing models had excellent model fit (P < 0.01), and had 
excellent predictive accuracy (ROC > 0.8, Table 4.6; Hosmer and Lemeshow 2000). Using 
the AQAICc rankings and the significance of the odds ratios of the independent variables in 
each of the 4 top-ranked models, vertical cover, grass cover, and vegetation height at the nest 
site were significantly selected for by nesting females (Table 4.6, Table 4.7). In addition, the 
percentage of living cover at the nest site was also an important predictor of selection, with
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Figure 4.8. Percentage of use of different vegetation types by sharp-tailed grouse during 
early (0-14 days) and late (15-49 days) brood-rearing periods, compared to the availability of 
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of each brood flush location in the Peace River region, northeast B.C. (2004-2005). Sample 
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Figure 4.9. Percentage of sites recording the presence of saskatoon (Amelanchier alnifolia), 
snowberry (Symphoricarpos albus), grass, rose (Rosa spp.), or aspen (Populus tremuloides) 
at first nests and renest attempts of sharp-tailed grouse in the Peace River region, northeast 
B.C. (2004-2005), compared to the presence of species at paired random locations within a 
maximum distance of 250 m of each monitored nest. Sample size of nests and random plots 
in each category are given above each bar.
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Table 4.6. Quasi-Akaike’s Information Criterion for small sample sizes (QAICc), AQAICc, Akaike weights (w,), likelihood ratio test 
statistics for model goodness-of-fit (and associated P-values), and area under the Receiver Operating Curve (ROC) with associated 
standard error for each conditional logistic regression candidate model assessing habitat selection of nest sites for first nest attempts of 
sharp-tailed grouse, Peace River region, northeast B.C. (2004-2005). Sample size was consistent between all candidate models 
{n = 34).
Model structure Ka QAICc AQAICc w,b
Model LR y2 
y2 df P-value
Accuracy 
ROCc SE
Vertical cover + grass cover 3 9.49 0 0.21 42.29 2 <0.01 0.88 0.04
Vertical cover + vegetation height 3 10.03 0.55 0.16 37.03 2 <0.01 0.84 0.04
Vertical cover + shrub cover 3 10.56 1.07 0.12 31.93 2 <0.01 0.82 0.04
Vertical cover + vegetation height + living cover 4 11.37 1.88 0.08 48.99 3 <0.01 0.92 0.03
Vertical cover + grass cover + vegetation height 4 11.64 2.15 0.07 46.42 3 <0.01 0.89 0.03
Shrub cover + grass cover 3 11.66 2.18 0.07 21.30 2 <0.01 0.76 0.05
Vertical cover + vegetation height + distance to patch 4 11.76 2.27 0.07 45.26 3 <0.01 0.88 0.04
edge
Vegetation height + grass cover 3 11.83 2.34 0.07 19.74 2 <0.01 0.77 0.05
Vegetation height + shrub cover 3 11.96 2.47 0.06 18.46 2 <0.01 0.77 0.05
Vertical cover + shrub cover + vegetation height 4 12.50 3.02 0.05 38.08 3 <0.01 0.85 0.04
Vertical cover + vegetation height + living cover + 5 13.51 4.02 0.03 55.02 4 <0.01 0.92 0.03
distance to patch edge
Vertical cover + vegetation height + grass cover + 5 14.35 4.86 0.02 46.95 4 <0.01 0.89 0.03
shrub cover
Shrub cover + grass cover + living cover + distance 5 15.16 5.67 0.01 39.13 4 <0.01 0.87 0.04
to patch edge
Vertical cover + vegetation height + shrub cover + 7 19.38 9.89 <0.01 57.88 6 <0.01 0.93 0.03
grass cover + distance to nearest patch edge + 
living cover
aThe number of parameters in the model include the explanatory variable(s) and the variance inflation factor for calculation of QAICc 
(Burnham and Anderson 1998).
b Generalized Akaike weights that can be interpreted as the relative degree of certainty associated with each model. 
c Area under the receiver operating curve is used as a measure of model predictive accuracy.
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Table 4.7. Coefficient (fl, ± SE) and odds ratio (odds ± SE) estimates for the top-ranked 
(quasi-Akaike’s Information Criterion for small sample sizes (AQAICc) < 2.0) conditional 
logistic models and associated variables used in characterizing habitat selection of first nest 
sites of sharp-tailed grouse in the Peace River region, northeast B.C. (2004-2005). Models 
are arranged based on AQAICc rankings as summarized in Table 4.6. Sample size for all 
models was n = 34.
Models and variables P SE Odds ratio SE P-value
Vertical cover + grass cover
Vertical cover 0.10 0.03 1.11 0.04 <0.01
Grass cover 0.04 0.02 1.05 0.02 0.01
Vertical cover + vegetation height
Vertical cover 0.06 0.02 1.06 0.02 <0.01
Vegetation height 0.03 0.01 1.03 0.01 0.04
Vertical cover + shrub cover
Vertical cover 0.07 0.02 1.07 0.02 <0.01
Shrub cover <-0.01 0.01 1.00 0.01 0.86
Vertical cover + vegetation height 
+ living cover
Vertical cover 0.07 0.03 1.07 0.03 0.01
Vegetation height 0.04 0.02 1.05 0.02 0.03
Living cover -0.07 0.03 0.93 0.03 0.01
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females selecting against sites with high amounts of living cover (Table 4.7). Odds ratios 
indicate that a 1% increase in the amount of vertical cover and grass cover resulted in a 4- 
11% and 5% increase, respectively, in the odds of a nesting female selecting the site (Table
4.7). A 1-cm increase in vegetation height resulted in a 3-4% increase in the odds of 
selection, whereas a 1% increase in the percentage of living cover resulted in a 7% decrease 
in the odds of selection (Table 4.7).
Renest attempts. Renesting females showed selection for a number of vegetation species 
including snowberry (Symphoricarpos albus; Fisher’s exact test, P = 0.04, n = 41) and rose 
(Fisher’s exact test, P = 0.04, n = 41; Figure 4.9). Using the same candidate model set tested 
for first nest attempts, selection of renest sites was explained by 4 models with AQAICc 
values < 2.0 (Table 4.8). Three of the 4 top-ranked models in renest attempts were the same 
models that best explained nest-site selection of first nest attempts (Table 4.6). The top 4 
models had good model fit (P <0.01) and had acceptable predictive accuracy (ROC > 0.6; 
Table 4.8; Hosmer and Lemeshow 2000). Based on AQAICc rankings and the significance 
of odds ratios, renesting females appeared to select for sites with increased vertical cover, 
greater shrub and grass cover, and sites with taller vegetation, compared with paired random 
locations (Table 4.8). Vertical cover, however, was the only covariate that consistently 
approached significance (P <0.10) within each of the top-ranked models. A 1% increase in 
vertical cover resulted in a 3-5% increase in the odds of a site being selected by a renesting 
female (Table 4.9). The strength of these relationships may be underestimated in models of 
renest attempts due to a limited sample of renests (n = 15).
Brood-rearing. I assessed 7 candidate models to explain habitat selection by broods 
during the 0-14 day and 15-49 day post-hatching periods, including the explanatory variables
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Table 4.8. Quasi-Akaike’s Information Criterion for small sample sizes (QAICc), AQAICc, Akaike weights (w,), likelihood ratio test 
statistics for model goodness-of-fit (and associated /’-values), and area under the Receiver Operating Curve (ROC) with associated 
standard error for each conditional logistic regression candidate model assessing habitat selection of nest sites for renest attempts of 
sharp-tailed grouse, Peace River region, northeast B.C. (2004-2005). Sample size was consistent between all candidate models 
(n = 15).
Model LR y2  Accuracy
Model structure Ka QAICc AQAICc w,b x2 df P-value ROCc SE
Vertical cover + shrub cover 3 15.94 0 0.29 12.06 2 <0.01 0.76 0.08
Vegetation height + shrub cover 3 17.12 1.18 0.16 9.38 2 0.01 0.75 0.08
Vertical cover + grass cover 3 17.32 1.38 0.14 8.93 2 0.01 0.68 0.08
Vertical cover + vegetation height 3 17.67 1.73 0.12 8.12 2 0.02 0.75 0.08
Vegetation height + grass cover 3 18.33 2.38 0.09 6.63 2 0.04 0.70 0.08
Shrub cover + grass cover 3 18.60 2.66 0.08 6.01 2 0.05 0.70 0.09
Vertical cover + shrub cover + vegetation height 4 19.41 3.46 0.05 12.86 3 0.01 0.77 0.08
Vertical cover + grass cover + vegetation height 4 20.88 4.94 0.02 9.51 3 0.02 0.70 0.08
Vertical cover + vegetation height + distance to 4 21.16 5.22 0.02 8.87 3 0.03 0.73 0.08
patch edge
Vertical cover + vegetation height + living cover 4 21.40 5.45 0.02 8.34 3 0.04 0.78 0.08
Vertical cover + vegetation height + grass cover + 5 24.03 8.08 0.01 12.97 4 0.01 0.77 0.08
shrub cover
Vertical cover + vegetation height + living cover 5 25.68 9.74 <0.01 9.20 4 0.06 0.71 0.09
+ distance to patch edge
Shrub cover + grass cover + living cover + 5 26.89 10.95 <0.01 6.45 4 0.17 0.66 0.10
distance to patch edge
Vertical cover + vegetation height + shrub cover 7 37.06 21.12 <0.01 13.65 6 0.03 0.75 0.08
+ grass cover + distance to nearest patch edge +
living cover__________________________________________________________________________________________________
a The number of parameters in the model include the explanatory variable(s) and the variance inflation factor for calculation of QAICc 
(Burnham and Anderson 1998).
b Generalized Akaike weights that can be interpreted as the relative degree of certainty associated with each model. 
c Area under the receiver operating curve is used as a measure of model predictive accuracy.
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Table 4.9. Coefficient (/?, + SE) and odds ratio (odds ± SE) estimates for the top-ranked 
(quasi-Akaike’s Information Criterion for small sample sizes (AQAICc) < 2.0) conditional 
logistic models and associated variables used in characterizing habitat selection of renest 
sites of sharp-tailed grouse in the Peace River region, northeast B.C. (2004-2005). Models 
are arranged based on AQAICc rankings as summarized in Table 4.8. Sample size for all 
models was n = 15.
Models and variables /* SE Odds ratio SE P-value
Vertical cover + shrub cover
Vertical cover 0.05 0.02 1.05 0.03 0.05
Shrub cover 0.06 0.04 1.06 0.04 0.13
Vegetation height + shrub cover
Vegetation height 0.04 0.02 1.04 0.02 0.10
Shrub cover 0.05 0.03 1.05 0.04 0.12
Vertical cover + grass cover
Vertical cover 0.04 0.02 1.04 0.02 0.03
Grass cover -0.02 0.02 0.98 0.02 0.27
Vertical cover + vegetation height
Vertical cover 0.03 0.02 1.03 0.02 0.08
Vegetation height 0.02 0.02 1.02 0.02 0.45
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vegetation height, distance to the nearest patch edge, and an agricultural or natural land-use 
designation variable. There was not strong support for any model, as models with AQAICc 
values < 2.0 had low Akaike weights in both brood-rearing periods (w, < 0.38; Table 4.10, 
Table 4.11). The top-ranked AQAICc models explaining brood habitat selection during the 
early brood-rearing period (0-14 days) were (1) land-use type; and (2) land-use type + 
distance to the nearest patch edge (Table 4.10). During the early brood-rearing period, 
broods significantly selected for agricultural habitats and avoided natural habitats (odds 
ratio = 0.29 ± 0.18, n = 33, P = 0.04; Figure 4.7). The top-ranked AQAICc model had good 
fit (P < 0.05), but had poor predictive accuracy (ROC = 0.6; Table 4.10). The second ranked 
AQAICc model did not have acceptable model fit (P > 0.05) and also had poor predictive 
accuracy (ROC = 0.66; Table 4.10). In addition, the odds ratio of the distance to the nearest 
patch edge was not significant in the second ranked AQAICc model (odds ratio = 1.00 ± 
<0.01, n = 33,P = 0.29; Table 4.12), suggesting little influence on the selection of brood- 
rearing habitats during the 0-14 day interval.
Results of the AQAICc rankings of the conditional logistic regression models suggest 
little importance of vegetation height, land-use type, or distance to the nearest patch edge as 
indicators of habitat selection by broods during the late brood-rearing period (15-49 days).
All candidate models had poor model fit (P > 0.60) and had poor predictive accuracy 
(ROC < 0.6; Table 4.11). None of the variables included in the candidate model set were 
significant in explaining habitat selection by broods during the 15-49 day interval, as 
indicated by non-significant odds ratios (Table 4.13).
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Table 4.10. Quasi-Akaike’s Information Criterion for small sample sizes (QAICc), AQAICc, Akaike weights (w,), likelihood ratio test 
statistics for model goodness-of-fit (and associated / ’-values), and area under the Receiver Operating Curve (ROC) with associated 
standard error for each conditional logistic regression candidate model assessing habitat selection by broods of sharp-tailed grouse 
during the 0-14 day post-hatching period in the Peace River region, northeast B.C. (2004-2005). Sample size was consistent between 
all candidate models (n -  33).
Model structure Ka QAICc AQAICc w,b
Model LR y2 
y2 df P-value
Accuracy 
ROCc SE
Agricultural-natural land-use 2 47.19 0 0.38 4.57 1 0.03 0.60 0.04
Agricultural-natural land-use + distance to patch 3 49.02 1.83 0.15 5.73 2 0.06 0.66 0.06
edge
Distance to patch edge 2 49.28 2.08 0.13 0.56 1 0.45 0.55 0.06
Vegetation height 2 49.39 2.20 0.13 0.34 1 0.56 0.54 0.06
Agricultural-natural land-use + vegetation height 3 49.49 2.29 0.12 4.83 2 0.09 0.62 0.06
Agricultural-natural land-use type + vegetation 4 51.60 4.40 0.04 5.78 3 0.12 0.65 0.06
height + distance to nearest patch edge
Distance to patch edge + vegetation height 3 51.61 4.41 0.04 0.74 2 0.67 0.56 0.06
a The number of parameters in the model include the explanatory variable(s) and the variance inflation factor for calculation of QAICc 
(Burnham and Anderson 1998).
b Generalized Akaike weights that can be interpreted as the relative degree of certainty associated with each model.
0 Area under the receiver operating curve is used as a measure of model predictive accuracy.
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Table 4.11. Quasi-Akaike’s Information Criterion for small sample sizes (QAICc), AQAICc, Akaike weights (w,), likelihood ratio test 
statistics for model goodness-of-fit (and associated P-values), and area under the Receiver Operating Curve (ROC) with associated 
standard error for each conditional logistic regression candidate model assessing habitat selection by broods of sharp-tailed grouse 
during the 15-49 day post-hatching period in the Peace River region, northeast B.C. (2004-2005). Sample size was consistent between 
all candidate models (n = 55).
Model LR y2 Accuracy
Model structure_______________________________ Ka QAICc AQAICc w,b y 2 df P-value ROCc SE
Distance to patch edge 2 834.45 0 0.27 0.27 1 0.60 0.56 0.05
Agricultural-natural land-use 2 834.78 0.33 0.23 0.20 1 0.66 0.48 0.03
Agricultural-natural land-use + distance to patch 3 834.98 0.52 0.20 0.63 2 0.73 0.55 0.05
edge
Vegetation height 2 835.70 1.24 0.14 0.01 1 0.93 0.49 0.05
Distance to patch edge + vegetation height 3 836.64 2.19 0.09 0.28 2 0.87 0.56 0.05
Agricultural-natural land-use + vegetation 3 837.02 2.57 0.07 0.20 2 0.91 0.49 0.05
height
Agricultural-natural land-use type + vegetation 4 846.83 12.37 <0.01 0.63 3 0.89 0.56 0.05
height + distance to nearest patch edge
aThe number of parameters in the model include the explanatory variable(s) and the variance inflation factor for calculation of QAICc 
(Burnham and Anderson 1998).
b Generalized Akaike weights that can be interpreted as the relative degree of certainty associated with each model. 
c Area under the receiver operating curve is used as a measure of model predictive accuracy.
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Table 4.12. Coefficient (/?, + SE) and odds ratio (± SE) estimates for the top-ranked (quasi- 
Akaike’s Information Criterion for small sample sizes (AQAICc) < 2.0) conditional logistic 
models and associated variables used in characterizing habitat selection by broods of sharp­
tailed grouse during the 0-14 day post-hatching period in the Peace River region, northeast 
B.C. (2004-2005). Models are arranged based on AQAICc rankings as summarized in 
Table 4.10. Sample size for all models was n = 33.
Models and variables P SE Odds ratio SE P-value
Agricultural-natural land-use 
Agricultural-natural land-use -1.23 0.60 0.29a 0.18 0.04
Agricultural-natural land-use + 
distance to patch edge 
Agricultural-natural land-use -1.32 0.61 0.27a 0.16 0.03
Distance to patch edge <0.01 <0.01 1.00 <0.01 0.29
a Odds ratio provides the odds of the natural land-use type being selected over the 
agricultural land-use type using reference cell coding for categorical variables (Hosmer 
and Lemeshow 2000, Menard 2002).
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Table 4.13. Coefficient and (/?, ± SE) odds ratio (+ SE) estimates for the top-ranked (quasi- 
Akaike’s Information Criterion for small sample sizes (AQAICc) < 2.0) conditional logistic 
regression models and associated variables used in characterizing habitat selection by broods 
of sharp-tailed grouse during the 15-49 day post-hatching period in the Peace River region, 
northeast B.C. (2004-2005). Models are arranged based on AQAICc rankings as summarized 
in Table 4.11. Sample size for all models was n = 55.
Models and variables Pi SE Odds ratio SE P-value
Distance to patch edge 
Distance to patch edge <0.01 <0.01 1.00 <0.01 0.61
Agricultural-natural land-use 
Agricultural-natural land-use -0.20 0.46 0.82a 0.38 0.66
Agricultural-natural land-use + distance 
to patch edge
Agricultural-natural land-use -0.28 0.47 0.75a 0.36 0.55
Distance to patch edge <0.01 <0.01 1.00 <0.01 0.52
Vegetation height 
Vegetation height <0.01 <0.01 1.00 0.01 0.93
a Odds ratio provides the odds of the natural land-use type being selected over the 
agricultural land-use type using reference cell coding for categorical variables (Hosmer and 
Lemeshow 2000, Menard 2002).
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Discussion
Landscape-scale Selection
At the landscape scale, sharp-tailed grouse showed strong selection for non-forest 
cover types (Figure 4.2) between 550-650 m in elevation (Figure 4.1). The study area was 
primarily agricultural, with natural forested habitats interspersed across the landscape. Non­
forest cover types included the steep, grassland slopes along the south- and west-facing river 
breaks, and the shrub-steppe communities that dominate the moister and gradual sloped areas 
along the river breaks. The importance of elevation in landscape-scale selection is likely 
region-specific, and selection of areas between 550-650 m is probably related to the spatial 
distribution and juxtaposition of suitable habitat for sharp-tailed grouse (i.e., open, brushy 
habitats) across the region. Avoidance of areas below 550 m is a result of increased mature 
deciduous and coniferous forests, and riparian habitats, which are not commonly used by 
sharp-tailed grouse throughout their range (Aldrich 1963, Hanowski et al. 2000).
Patch-scale Selection
Nesting. In addition to testing for selection at the landscape scale, I also assessed 
selection at the patch scale, described as third-order selection by Johnson (1980). Female 
sharp-tailed grouse showed considerable use of shrub-steppe habitats during first nest 
attempts (Figure 4.4). Congruent with this result, first nests were also located in natural 
habitat types more than agricultural habitat types (Figure 4.3). Because sharp-tailed grouse 
have a wide geographic range, habitat selection during the breeding season can vary 
depending on the region, available habitat communities, and habitat condition (Roersma 
2001, A. Goddard, unpublished data). Many studies investigating habitat use by nesting
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sharp-tailed grouse have stressed the importance of residual grass in both nest-site selection 
and nest success (Kohn 1976, Wachob 1997, Prose et al. 2002). For example, nesting sharp­
tailed grouse in Nebraska utilized areas dominated by residual grasses, and showed little use 
of shrubs for nesting (Prose et al. 2002). Similarly, a population of sharp-tailed grouse in 
North Dakota utilized grass-dominated habitats for nearly 90% of recorded nesting activities, 
with only 4 nest attempts located in shrub-dominated habitats (Kohn 1976).
Although the use of shrub habitats by nesting sharp-tailed grouse has not been well 
documented, Roersma (2001) suggested that females likely select for the cover 
characteristics provided by the vegetative community, and not for the specific vegetation 
species. Prose et al. (2002) suggested that minimal use of shrubs during nesting may not 
represent an avoidance of shrubs, but rather a low abundance of shrubs across the landscape. 
Further, if shrub communities are rare and occur in isolated patches, nests located in this 
habitat type may be subjected to a greater risk of predation because shrub-steppe patches 
may be used as predator lanes or corridors, and, therefore, may be avoided if other habitats 
provide sufficient cover (Haensly et al. 1987, Roersma 2001). This is congruent with the 
variety of habitat types that are used during the nesting period by sharp-tailed grouse across 
their geographic range.
I found that the majority of first nest attempts were in shrub-steppe habitats, and not 
in the residual grass habitats as suggested by Prose et al. (2002). I hypothesize that sharp­
tailed grouse in the Peace River region selected shrub-steppe habitats during initial nest 
attempts because of the high degree of concealment provided by shrubs and the limited 
availability of residual grass cover available early in the breeding season (mid-May). 
Compared to the range of habitats available to nesting females (aspen forest, aspen forest
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draws, cereal crops, hayfields, or grazed pastures), the shrub-steppe community likely 
provides the greatest concealment for initial nest attempts as hayfields have relatively shorter 
vegetation during early to mid-May and do not generally provide adequate cover. Further, 
spring-planted cereal crops do not provide sufficient nesting cover, especially at northern 
latitudes (Greenwood et al. 1995). As first nest attempts are initiated during early to mid- 
May, new vegetation growth has not yet begun in these adjacent habitats, whereas the 
structural complexity and woody cover provided in the shrub-steppe habitat is likely the only 
consistent source of cover available for first nest attempts (Roersma 2001). The importance 
of shrubs in nest-site selection has been documented for some populations of sharp-tailed 
grouse (Connelly et al. 1998). In southern Alberta nesting sharp-tailed grouse used shrub- 
dominated communities and showed little selection for grass or forb-dominated vegetative 
communities (Roersma 2001). Similarly, sharp-tailed grouse in Wisconsin nested in habitats 
dominated by shrubs (Gratson 1988). The importance of shrub communities in nest-site 
selection has also been documented for populations of sage-grouse (Centrocercus 
urophasianellus) across their geographic range (Wallestad and Pyrah 1974, Aldridge and 
Brigham 2002, Aldridge 2005).
Brood-rearing. Female sharp-tailed grouse and their broods primarily used hayfields and 
cereal crops during both early and late brood-rearing periods in the Peace River region 
(Figure 4.7). Broods used all habitat types in proportion to their availability, however, 
suggesting no selection patterns. In Wyoming, broods of sharp-tailed grouse selected alfalfa 
(Medicago sativa) fields, and used crop and rangelands less than they were available 
(Wachob 1997). Similarly, Kohn (1976) found that sharp-tailed grouse in North Dakota used
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native and regrowth areas dominated by grasses, and only 6% of species recorded at brood- 
use locations were woody species.
I observed that few broods utilized shrub-steppe habitats during the early and late 
brood-rearing periods. This is in contrast to other studies of sharp-tailed grouse (Klott and 
Lindzey 1990) as well as sage-grouse (Aldridge and Brigham 2002, Aldridge 2005), which 
suggested that broods select for areas with moderate shrub cover. Rather, sharp-tailed grouse 
broods in the Peace River region used habitats dominated by grasses and forbs. These 
vegetation types were not significantly selected for, however, as they were used 
proportionately to their availability (Figure 4.8). The importance of forbs in habitat selection 
by broods, however, has been well documented in studies of upland game birds (Kohn 1976, 
Connelly et al. 1998, Sveum et al. 1998a, Wachob 1997, Roersma 2001). Habitats rich in 
forbs, and areas with a high diversity of shrubs and an interspersion of cover types are 
important to brood-rearing sharp-tailed grouse (Connelly et al. 1998). Sage-grouse in 
Alberta selected forbs at the patch-scale, but not at the area-scale, and moderate grass height 
was an important predictor of brood habitat selection (Aldridge 2005). Similarly, broods of 
sharp-tailed grouse in Alberta used shrub habitats the least of all cover types during brood- 
rearing, selecting for more grass-dominated habitat types (Roersma 2001). Although sage- 
grouse selected moderate sagebrush (Artemisia spp.) cover at the area-scale, this pattern of 
selection may be maladaptive due to decreased survival of chicks in shrub habitats (Aldridge 
2005).
Nest-site Selection
The importance of cover in defining nest-site selection was also observed at the site-
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scale. During both first and renest attempts, nesting females selected sites with greater shrub 
cover, vertical cover, grass cover, and vegetation height (Table 4.6, Table 4.8). In selection 
of nest-sites during first nest attempts only, females also avoided areas with greater amounts 
of living cover, suggesting a selection for sites with more residual vegetation. Selection of 
these habitat attributes highlights the importance of both overhead and lateral cover in nest- 
site selection, which has been well documented for ground-nesting upland game birds 
(Schieck and Hannon 1993, Gregg et al. 1994, Badyaev 1995, Roersma 2001, Aldridge and 
Brigham 2002). Most species of grouse probably select sites that decrease the risk of 
predation (Bergerud and Gratson 1988); greater amounts of shrub and vertical cover increase 
overhead cover, taller vegetation and greater grass cover increase lateral cover (Kohn 1976, 
Roersma 2001, Aldridge 2005), and greater amounts of residual vegetation further conceal 
nests prior to new vegetation growth (Aldridge 2005, Holloran et al. 2005).
Residual vegetation is an important component of the herbaceous understory as it 
provides lateral and overhead cover early in the nesting season before the growth of annual 
vegetation (Prose et al. 2002). Many studies of nest habitat selection by sharp-tailed grouse 
have reported a strong selection towards residual cover (Wachob 1997, Prose et al. 2002, 
Manzer and Hannon 2005), and, in the absence of shrub communities, is the most important 
predictor of nest-site selection (Connelly et al. 1998, Prose et al. 2002). Residual grass cover 
is also an important component of nest-site selection by northern bobwhite quail (Colinus 
virginianus; Taylor et al. 1999) and sage-grouse (Holloran et al. 2005).
The importance of residual cover, however, is likely restricted to first nest attempts. 
Nest-site selection of renest attempts was best predicted by measures of vertical cover, grass 
and shrub cover, and vegetation height (Table 4.8, Table 4.9). The amount of living cover,
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however, was not an important predictor of renest-site selection (Table 4.8). Based on the 
importance of these habitat characteristics in determining selection during first nest attempts, 
I speculate that sharp-tailed grouse are also selecting renest locations based on habitat 
attributes that maximize cover. Because renest attempts are initiated much later in the 
season, however, residual vegetation is likely less important in providing lateral and 
overhead cover, because the herbaceous understory is dominated by new annual grasses and 
forbs. This was apparent in the type of habitats used during renest attempts also.
In the Peace River region, nesting sharp-tailed grouse showed a shift in their selection 
of habitats between first and renest attempts (Figure 4.3). Specifically, females used natural 
habitats more frequently during first nest attempts, and agricultural habitats were used more 
during renest attempts. Only 12% of first nest attempts were located in agricultural fields, 
whereas nearly 54% of renests were in agricultural fields (Figure 4.4). Wiebe and Martin 
(1998) found white-tailed ptarmigan (Lagopus leucurus) showed a change in selection of 
cover types between nest attempts, which was hypothesized to be related to a previous 
predation experience or for microclimate reasons. It may be, however, that sharp-tailed 
grouse in the Peace River region shifted their selection of nesting habitats because of the 
seasonal change in habitat availability and quality. As mentioned previously, agricultural 
habitats provide little cover during the spring and early summer, resulting in low usage of 
agricultural habitats during first nest attempts. Renest attempts were initiated during mid- 
June to early July, however, at which time vegetation height and density are at their seasonal 
peak (Roersma 2001). Habitats providing good cover and concealment are more widely 
available, and thus sharp-tailed grouse shift their selection of nest sites to include more 
agricultural habitats.
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Brood-site Selection
My analysis of brood habitat data suggested no significant selection for site-scale 
habitat attributes such as vegetation height or the distance to the nearest patch edge (Table
4.10, Table 4.11). My field observations, however, suggest that sharp-tailed grouse broods 
that utilized agricultural fields and shrub-steppe habitats were often located in the sparse, 
more open, forb-dominated patches within the larger habitat. These patches often had an 
abundance of weedy forb species such as clover (Trifolium spp.) and dandelion {Taraxacum 
officinale), shorter vegetation, and more bare ground than did the broader habitat type. Use 
of these sparsely vegetated areas has also been documented for precocial broods in many 
studies (Erikstad and Spidso 1982, Wachob 1997, Sveum 1998a, Taylor et al. 1999, Aldridge 
2005). Sage-grouse broods selected for vegetation characteristics such as moderate 
vegetation height and shrub density, and avoided tall and dense grass cover (Aldridge 2005). 
In Washington, sage-grouse broods used sites with greater forb abundance and lower shrub 
heights than random sites (Sveum et al. 1998a). Selection of habitats with moderate height 
and density of vegetation may indicate a trade-off between availability of food and risk of 
predation (Aldridge 2005). Areas with greater vegetative moisture and density, such as forb- 
dominated habitats, have greater insect abundance, the primary food source of precocial 
chicks during the first 8 to 10 weeks post-hatching (Erikstad 1985, Wachob 1997, Park et al. 
2001). Specifically, the abundance of grasshoppers has been positively correlated with the 
abundance of forbs, and the diversity of insect species significantly increases with the 
diversity of plant species (Evans 1988). In addition, greater vegetation density may provide 
increased cover attributes for protection from predators (Bergerud 1988a, Klott and Lindzey 
1990). Tall vegetation and highly dense habitats, however, may be avoided because they
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restrict the ability of the female and brood to detect predators, and can increase 
thermoregulatory requirements due to increased wetting of chicks from damp vegetation 
during cold and wet periods (Erikstad and Spidso 1982). Broods select habitats that 
maximize insect abundance while still providing adequate cover (Aldridge 2005). Mesic, 
forb-rich habitats provide a combination of habitat attributes such as cover, high diversity of 
plant species, and increased insect abundance that result in optimal brood-rearing habitats.
During the late brood-rearing period (15-49 days), sharp-tailed grouse in the Peace 
River region used edge habitats considerably more than they were available (Figure 4.7). 
Red-legged (Alectoris rufa) and grey partridges (Perdixperdix) significantly selected for 
edge habitats in Great Britain, with broods commonly within 25 m of the edge of a field 
while avoiding areas further than 50 m from the edge (Green 1984). In addition, broods of 
sharp-tailed grouse in Wyoming also used sites closer to edge habitats compared to random 
plots (Wachob 1997). The use of edge habitats by broods may also be explained by the 
importance of insect abundance and availability. Green (1984) suggested that the selection 
of edge habitats could be attributed to a greater abundance of insects in these habitats. The 
selection of edge habitats and avoidance of the centres of larger patches, however, may be 
further related to the type of crop or agricultural field (Green 1984). In addition to providing 
optimal foraging conditions, edge habitats may provide escape cover in the taller, less 
diverse areas of agricultural fields as well as the aspen patches that often border agricultural 
fields (Wachob 1997).
Conclusions
In summary, nest-site selection by sharp-tailed grouse occurred at the landscape
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scale, the patch scale, and at the nest site. Different studies have suggested greater 
importance of selection at one scale over other scales of selection. Aldridge and Brigham 
(2002) suggested that sage-grouse selected nest sites based on vegetation characteristics at 
the patch scale (up to approximately 15 m2), whereas Taylor et al. (1999) showed that 
bobwhites did not select sites based on patch attributes, but rather selection occurred for 
habitat characteristics at the nest site. Similarly, Roersma (2001) suggested that sharp-tailed 
grouse select for habitat characteristics at the site scale given the higher rates of philopatry to 
nesting areas observed between years. Although only 2 radio-marked female sharp-tailed 
grouse in the Peace Region were monitored for two consecutive years, first nest attempts for 
each female were within 100 m of the previous year’s first nest attempt (unpublished data). 
Given the range of habitats available to nesting sharp-tailed grouse, I hypothesize that 
selection is occurring at all spatial scales, with emphasis on habitat characteristics that 
provide the greatest degree of cover and concealment.
The importance of shrub-steppe habitats to populations of sharp-tailed grouse in the 
Peace River region is apparent by the strong selection and frequency of use during the 
nesting period. Large declines in populations of sage-grouse across their range have been 
attributed to a loss in the abundance of shrub-steppe habitats (Sveum et al. 1998b, Aldridge 
and Brigham 2002). Given the selection of nest sites in the shrub-steppe habitats, these 
important vegetation communities should be identified as a priority in the management of 
sharp-tailed grouse. During the brood-rearing period, sharp-tailed grouse used sites that were 
dominated by grasses and forbs, and tended to decrease their use of shrub-steppe habitats 
during this time. Broods are likely selecting a combination of habitat attributes that 
maximize foraging efficiency (Green 1984, Wachob 1997) and provide adequate cover for
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
134
thermoregulation and predator avoidance (Bergerud 1988a, Connelly et al. 1998). Given the 
wide range of agricultural habitats across the Peace River region, appropriate brood habitats 
are not likely limiting. As chicks grow and foraging requirements shift from insects to a 
more forb-dominated diet, however, shrub-steppe habitats become increasingly important as 
escape cover and forage. In addition, although more open cover types are used during brood- 
rearing, it is important that management actions are directed towards maximizing the 
interspersion of open grassland habitats, required by broods, with more densely vegetated 
shrub-steppe habitats critical to nest-site selection (Moyles 1981, Roersma 2001, Holloran 
1999). This will ensure that critical nesting habitats are spatially connected with brood- 
rearing habitats.
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C h a p t e r  5: L in k in g  H a b i t a t  S e l e c t i o n  a n d  B r e e d in g  S u c c e s s :  M a n a g e m e n t  
I m p l i c a t io n s  f o r  S h a r p - t a i l e d  G r o u s e  {T y m p a n u c h u s  p h a s ia n e l l u s ) in  t h e  P e a c e  
R i v e r  R e g io n  o f  N o r t h e a s t e r n  B r i t i s h  C o lu m b ia  
Local biologists and landowners suggest that numbers of sharp-tailed grouse in the 
Peace River region of northeastern British Columbia have been decreasing over the past 
several decades, and relatively little is known regarding the cause of this decline due to a 
lack of census or survey data relative to population numbers (R. Backmeyer, Fort St. John, 
personal communication). To identify the cause of decreasing populations and to provide 
guidelines for the management of this species, my research investigated the reproductive 
success and habitat selection of a population of sharp-tailed grouse (Tympanuchus 
phasianellus) in the Peace River region of northeastern British Columbia.
In Chapters 2 and 3 ,1 quantified reproductive success by estimating nesting success, 
brood success, and the survival of offspring to 35 days, and tested the influence of various 
factors on these measures of breeding success. Nesting success in the Peace River region 
was estimated as 47% over the 2 study years, and although predation was the primary cause 
of nest failure, my results suggest that the likelihood of a depredation event may be directly 
affected by the habitat conditions at the nest site. Specifically, females that selected nest 
sites with reduced forb cover and greater living cover had greater hatching success (Table 
2.8). Due to high correlation between cover types, I related the negative influence of forb 
cover to the positive effect of shrub cover on nest success. I found that an a 1% increase in 
shrub and living cover was associated with a 6% and 7% increase in nest success, 
respectively. By interpreting living cover in terms of residual cover, more residual cover 
resulted in decreased nest success.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
136
During the brood-rearing period, nearly 75% of broods were successful in rearing a 
minimum of 1 chick to 35 days of age. Factors influencing brood success, however, could 
not be identified based on attributes of females alone. In contrast to the relatively high rates 
of brood success, the proportion of chicks surviving to 35 days of age was only 35%, and an 
analysis of variables influencing chick survival suggested a strong importance of climatic 
conditions on the proportion of chicks surviving to independence. Inclement weather 
conditions prior to a nest hatching were associated with greater survival of offspring to 
35 days of age. I found that inclement weather during the first week post-hatching, however, 
resulted in decreased survival of offspring. I hypothesize that weather conditions are 
affecting survival of offspring both directly by the chilling and wetting of young chicks, as 
well as indirectly by affecting phenological growth of vegetation, which is an important 
component of predator avoidance and influences annual insect populations.
In Chapter 4 ,1 assessed habitat selection during the nesting and brood-rearing 
periods, and found that female sharp-tailed grouse exhibited strong selection and avoidance 
of habitat characteristics at 3 spatial scales. At the landscape scale, nesting females selected 
for non-forest cover-types between 550-700 m in elevation. At the patch scale, females used 
shrub-steppe habitats considerably more than available, as indicated from random plots, 
whereas renesting females used agricultural fields more than shrub-steppe habitats (Figure 
4.4). At the nest-site scale, females selected sites with greater overhead cover, increased 
grass and shrub cover, and areas with taller vegetation than random sites. Selection of these 
attributes, combined with the selection of shrub-steppe habitats at the patch scale, is likely 
related to the importance of concealment of the nest site. In addition to these characteristics, 
nesting females also selected sites with greater residual cover during first nest attempts,
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suggesting the importance of habitat components that provide cover and obstruction prior to 
new vegetation growth. Brood-rearing females showed significant selection of agricultural 
habitats during the early brood-rearing period (0-14 days of age; Figure 4.6). None of the 
habitat attributes measured at the patch or site scale, however, were significant in explaining 
brood-site selection during the late brood-rearing period (15-49 days).
One of the most critical issues in making management decisions based on habitat 
selection studies is that selection is often assumed to represent habitat quality or suitability 
(Garshelis 2000). Kirsch (1996:37-38) states: “Unfortunately, proximate habitat features 
may not indicate habitat suitability, nor do they reveal the possible selection pressures that 
influence habitat selection in a system. One must measure components of fitness, determine 
factors that influence fitness, and relate fitness and factors influencing fitness to habitats for 
habitat features.” Below, I briefly discuss the relationship between habitat attributes selected 
by nesting and brood-rearing sharp-tailed grouse and the reproductive success associated 
with selection of these features. I also provide management guidelines based on the 
inferences drawn from the measures of fitness and habitat selection.
Nesting Period
In the Peace River region, sharp-tailed grouse selected nesting habitats at the 
landscape, patch, and nest-site scales; therefore, management guidelines should incorporate 
conserving habitats at all scales as well as habitats that increase the fitness of the species. 
Nesting females selected for non-forest cover types within the elevational range of 550- 
650 m (Figure 4.1, Figure 4.2, Table 4.4). Management guidelines directed at the landscape 
scale should incorporate the maintenance of abundant open, non-forested cover types.
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Previous studies of sharp-tailed grouse habitat requirements have stressed the importance of 
maintaining open habitats, and the prevention of aspen forest encroachment into critical 
sharp-tailed grouse habitats (Berger and Baydack 1992). Similarly, the expansion of 
agricultural activities across the landscape has been suggested as the cause for past declines 
in sharp-tailed grouse populations across North America (Aldrich 1963). Anectodal reports 
suggest that in the past, the study area was primarily natural prairie-shrubland, interspersed 
with larger patches of aspen forest, and frequented by large-scale fires. Since the expansion 
of agriculture and anthropogenic features across the region, large-scale fires have been 
suppressed, and aspen forests are encroaching into the grassland and shrub-dominated 
habitats. Further, agricultural activities have converted much of the natural open habitats to 
cereal or hayfield crops, resulting in smaller, isolated patches of habitats that are suitable for 
sharp-tailed grouse.
At the patch scale, nesting sharp-tailed grouse used primarily shrub-steppe habitats 
during first nest attempts (Figure 4.4). Nests located in shrub-steppe habitats, however, were 
not significantly more successful than nests in other habitat types (Figure 2.2). These 
habitats, however, provide important structural characteristics that increase the likelihood of 
nest success, which was apparent in the selection of nest-sites by female sharp-tailed grouse. 
At the nest-site scale, females selected sites with greater vertical cover, grass and shrub 
cover, taller vegetation, and reduced living cover (Table 4.6, Table 4.7). These habitat 
variables, measured at the nest-site scale, were also significant in distinguishing successful 
and unsuccessful sharp-tail nests (Table 2.8, Table 2.9). Specifically, decreased levels of 
herbaceous cover and increased amounts of living vegetative material were associated with 
greater nest success of first nest attempts (Figure 2.5). Similarly, the amount of living
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material was also positively associated with the success rate of renest attempts, although 
small sample sizes precluded extensive analysis of all habitat variables (Figure 2.6, Table
2.10, Table 2.11).
With the exception of residual vegetative cover, nesting females selected habitat 
attributes that decreased nest failure. Greater vertical cover, shrub and grass cover, and taller 
vegetation all increased the concealment of nests, which increased the likelihood of a nest 
successfully hatching. Surprisingly, sharp-tailed grouse selected nest sites with less living 
cover, a habitat attribute that increased the likelihood of nest success. The importance of 
residual cover has been widely discussed in the literature of prairie-nesting species because 
of its importance in providing good lateral and overhead cover during early nest attempts, 
prior to new vegetation growth (Wachob 1997, Taylor et al. 1999, Prose et al. 2002, Holloran 
et al. 2005). Female sharp-tailed grouse the Peace River region appear to be selecting for 
sites that have greater residual cover, even though nests are more successful with less 
residual cover, which may be a maladaptive trait, resulting in decreased nest success. This 
maladaptive selection may be related to the wide range of habitats used by sharp-tailed 
grouse across their geographical range (Aldrich 1963, Connelly et al. 1998). In Nebraska, 
Prose et al. (1992) found residual vegetation to be the most important predictor of nest-site 
selection, whereas Roersma (2001) found that sharp-tailed grouse in Alberta selected for 
more shrub-dominated habitats for nesting. Although I can only speculate, sharp-tailed 
grouse in the past may have relied on residual vegetation for nesting given the range of 
habitat conditions available to them at that period of time. With the expansion of agricultural 
development and fragmented landscapes due to anthropogenic factors, however, sharp-tailed 
grouse in the Peace River region may be evolving to select a more wide range of vegetative
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characteristics given the change in habitat conditions available to them. In the study area, 
shrub-steppe habitats are more abundant than natural grasslands, and active agricultural 
activities such as annual haying and grazing reduce the availability of residual cover.
Brood-rearing Period
I did not examine the influence of habitat characteristics on the survival of offspring 
due to a small sample of broods monitored during the study, and so I can not discuss the 
fitness implications derived from habitat selection patterns exhibited by broods. I therefore 
focus my discussion of the management of brood habitats based on the associations and 
relationships observed during my research, with emphasis that selected habitats do not 
necessarily indicate habitat suitability, nor do they necessarily result in increased fitness of 
the individual.
I identified several factors that influence the survival of neonate sharp-tailed grouse 
in the Peace River region. Specifically, survival of offspring was related to inclement 
weather prior to a nest hatching and during the first week post-hatching (Figure 3.2, Table 
3.10). The distance travelled by a brood during the first week post-hatching also negatively 
influenced survival of offspring to independence (Table 3.10). These 2 factors probably 
affected survival of offspring by influencing the suitability and availability of habitats that 
provide both cover and forage for young chicks. My observations of habitats used by broods 
further suggest that neonate sharp-tailed grouse in the Peace River region commonly used 
forb-dominated habitats. Use of these sparsely vegetated areas has also been documented for 
precocial broods in many studies (Erikstad and Spidso 1982, Gratson 1988, Wachob 1997, 
Sveum 1998a, Taylor et al. 1999, Aldridge 2005). Broods of sage-grouse selected for
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vegetation characteristics such as moderate vegetation height and shrub density, and avoided 
tall and dense grass cover (Aldridge 2005). Similarly, Sveum et al. (1998a) found that sites 
used by sage-grouse had greater forb abundance and lower shrub heights than random sites.
Given the use of sparse, patchy habitats, it is important that brood-rearing habitats be 
managed to provide a heterogeneous mixture of habitats. Although weather conditions 
cannot be managed, the role of climatic conditions in affecting insect abundance, availability, 
and habitat conditions on an annual basis must be recognized. Appropriate management of 
brood-rearing habitats across the landscape can potentially lessen the influence of climate on 
survival of neonate sharp-tailed grouse (Flanders-Wanner et al. 2004).
Management Guidelines
Based on the patterns of habitat selection and the factors influencing fitness of sharp­
tailed grouse, I have developed a number of management recommendations to increase the 
viability of populations of sharp-tailed grouse in the Peace River region of northeast British 
Columbia.
1. Maintain shrub-steppe habitats across the landscape to ensure suitable nesting 
habitats are available.
a. Create prescribed burning programs that prevent aspen (Populus tremuloides) 
and poplar {Populus balsamifera) encroachment, but that maximize shrub 
production. Burning programs should be rotational, and not occur on an 
annual basis. Rotational burning will ensure that an adequate abundance of 
shrub-steppe habitats are available for nesting each spring (Kirsch et al.
1978). Snowberry {Symphoricarpos albus), saskatoon (Amelanchier
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alnifolia), wild rose (Rosa spp.), and choke cherry (Prunus virginiana), shrubs 
commonly utilized by nesting sharp-tailed grouse, respond well to burning 
and sprout vigorously after fire (Wright and Bailey 1982).
b. Guidelines should aim to maximize the size of shrub-steppe patches to 
decrease the likelihood of depredation. Although not detected in my research, 
previous studies have shown that nests located in smaller patches are more 
susceptible to predation (Clark and Nudds 1991, Pasitschniak-Arts et al. 1998, 
Manzer and Hannon 2005).
c. Ensure connectivity between desirable nesting habitats (i.e., shrub-steppe) and 
suitable brood-rearing habitats. Shrub-steppe habitats that are isolated from 
agricultural areas may result in decreased fitness of the breeding female, due 
to poor neonate survival resulting from increased travel to obtain suitable 
brood-rearing habitats.
2. Maintain brood-rearing habitats that are spatially associated with nesting habitats.
a. Brood-rearing habitats should be patchy and variable, rather than large, 
uniform habitats (Taylor et al. 1999). Further, mesic areas with succulent 
forbs and grasses should be increased across the landscape (Aldridge and 
Brigham 2002). In the Peace River region, wet, marshy areas are commonly 
interspersed throughout agricultural fields, and are not generally farmed.
These areas may provide the appropriate cover and dietary attributes required 
by sharp-tailed grouse chicks. The primary concern with managing brood- 
habitats, however, is to ensure connectivity with high-quality nesting habitats 
and other brood-rearing areas to avoid isolation.
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b. Agricultural habitats are commonly used by brood-rearing sharp-tailed 
grouse. Activities such as delayed haying and cutting of crops can increase 
the likelihood of the survival of offspring.
Sharp-tailed grouse occupy a wide range of habitats across North America (Aldrich 
1963, Connelly et al. 1998), as well as within the Peace River region (A. Goddard, 
unpublished data). The management guidelines outlined above are specific to populations of 
sharp-tailed grouse that utilize a predominantly agricultural setting. Populations occupying 
different landscapes and habitats exhibit different habitat selection choices, and thus 
management guidelines need to be adjusted to accommodate these different habitat 
requirements.
The Peace River region is an economically-thriving area of the province, and thus 
there are a number of impending impacts likely to contribute to declines in populations of 
sharp-tailed grouse in the future. Oil and gas activities have been common throughout the 
study area in the past, but expansion of the industry with increasing technology as well as the 
potential for coal-bed methane across the region imposes an increased risk to the habitats that 
are critical to sharp-tailed grouse. The Peace River currently has 2 hydroelectric dams, and 
the provincial government has currently brought forth plans for potentially a third 
hydroelectric development on the river, which would represent a substantial loss of critical 
habitats for sharp-tailed grouse. In addition, global warming may further influence 
populations of sharp-tailed grouse, as the Peace River region has experienced a 1°C increase 
in annual temperature since the 1980s (Environment Canada 2006, unpublished data).
These potential impacts facing the Peace River region will increase the risk of habitat loss
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throughout the range of sharp-tailed grouse, and further impose pressure on maintaining 
stable populations of grouse.
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